X-ray spectral variability of Seyfert 2 galaxies by Hernández-García, Lorena et al.
A&A 579, A90 (2015)
DOI: 10.1051/0004-6361/201526127
c© ESO 2015
Astronomy
&Astrophysics
X-ray spectral variability of Seyfert 2 galaxies
L. Hernández-García1, J. Masegosa1, O. González-Martín2, and I. Márquez1
1 Instituto de Astrofísica de Andalucía, CSIC, Glorieta de la Astronomía, s/n, 18008 Granada, Spain
e-mail: lorena@iaa.es
2 Centro de radioastronomía y Astrofísica (CRyA-UNAM), 3-72 (Xangari), 8701 Morelia, Mexico
Received 18 March 2015 / Accepted 2 May 2015
ABSTRACT
Context. Variability across the electromagnetic spectrum is a property of active galactic nuclei (AGN) that can help constrain the
physical properties of these galaxies. Nonetheless, the way in which the changes happen and whether they occur in the same way in
every AGN are still open questions.
Aims. This is the third in a series of papers with the aim of studying the X-ray variability of diﬀerent families of AGN. The main
purpose of this work is to investigate the variability pattern(s) in a sample of optically selected Seyfert 2 galaxies.
Methods. We use the 26 Seyfert 2s in the Véron-Cetty and Véron catalog with data available from Chandra and/or XMM-Newton
public archives at diﬀerent epochs, with timescales ranging from a few hours to years. All the spectra of the same source were
simultaneously fitted, and we let diﬀerent parameters vary in the model. Whenever possible, short-term variations from the analysis
of the light curves and/or long-term UV flux variations were studied. We divided the sample into Compton-thick and Compton-thin
candidates to account for the degree of obscuration. When transitions between Compton-thick and thin were obtained for diﬀerent
observations of the same source, we classified it as a changing-look candidate.
Results. Short-term variability at X-rays was studied in ten cases, but variations are not found. From the 25 analyzed sources, 11 show
long-term variations. Eight (out of 11) are Compton-thin, one (out of 12) is Compton-thick, and the two changing-look candidates are
also variable. The main driver for the X-ray changes is related to the nuclear power (nine cases), while variations at soft energies or
related to absorbers at hard X-rays are less common, and in many cases these variations are accompanied by variations in the nuclear
continuum. At UV frequencies, only NGC 5194 (out of six sources) is variable, but the changes are not related to the nucleus. We
report two changing-look candidates, MARK 273 and NGC 7319.
Conclusions. A constant reflection component located far away from the nucleus plus a variable nuclear continuum are able to
explain most of our results. Within this scenario, the Compton-thick candidates are dominated by reflection, which suppresses their
continuum, making them seem fainter, and they do not show variations (except MARK 3), while the Compton-thin and changing-look
candidates do.
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1. Introduction
It is widely accepted that active galactic nuclei (AGN) are pow-
ered by accretion onto a supermassive black hole (SMBH, Rees
1984). Among them, the diﬀerent classes of Seyfert galaxies
(type 1/type 2) have led to postulating a unified model (UM)
for all AGN (Antonucci 1993; Urry & Padovani 1995). Under
this scheme, the SMBH is fed by the accretion disk that is sur-
rounded by a dusty torus. This structure is responsible for ob-
scuring the region where the broad lines are produced (known
as broad line region, BLR) in type 2 objects, while the region
where the narrow lines are produced (narrow line region, NLR)
is still observed at optical frequencies. The diﬀerence between
type 1 and 2 objects is therefore due to orientation eﬀects.
In agreement with the UM, the type 1/type 2 classifications
at X-ray frequencies are based on the absorption column den-
sity, NH, because it is related with the obscuring material along
our line of sight (Maiolino et al. 1998); therefore, we observe a
type 1 Seyfert if NH < 1022 cm−2, i.e., unobscured view of the in-
ner parts of the AGN, and a type 2 if the column density is higher,
i.e., obscured view through the torus (e.g., Risaliti et al. 2002).
 Appendices are available in electronic form at
http://www.aanda.org
When NH > 1.5 × 1024 cm−2, the absorbing column density is
higher than the inverse of the Compton-scattering cross-section,
and the sources are known as Compton-thick (Maiolino et al.
1998).
In fact, X-rays are a suitable tool for studying AGN because
they are produced very close to the SMBH and because of the
much smaller eﬀect of obscuration at these frequencies than at
UV, optical, or near-IR. Numerous studies have been made at
X-ray frequencies to characterize the spectra of Seyfert galaxies
(e.g., Turner et al. 1997; Risaliti 2002; Guainazzi et al. 2005b,a;
Panessa et al. 2006; Cappi et al. 2006; Noguchi et al. 2009;
LaMassa et al. 2011; Brightman & Nandra 2011a). The present
work is focused on Seyfert 2 galaxies, which represent ∼80%
of all AGN (Maiolino & Rieke 1995). The works mentioned
above have shown that the spectra of these objects are charac-
terized by a primary power-law continuum with a photoelectric
cut-oﬀ, a thermal component, a reflected component, and an iron
emission line at 6.4 keV. It is important to appropiately account
for the physical parameters of their spectra in order to constrain
physical properties of the nuclei.
Given that variability across the electromagnetic spectrum is
a property of all AGN, understanding these variations oﬀers an
exceptional opportunity to constrain the physical characteristics
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of AGN, which are known to show variations on timescales rang-
ing from a few days to years (Peterson 1997). The first sys-
tematic variability study of Seyfert 2 galaxies was performed
by Turner et al. (1997) using ASCA data. Their results show
that short-term variability (from hours to days) is not common
in Seyfert 2s, in contrast to what is observed in Seyfert 1 (e.g.,
Nandra et al. 1997). Because these galaxies are obscured by the
torus, the lack of variations could come from these sources be-
ing reflection-dominated, as shown by some authors that studied
Compton-thick sources (Awaki et al. 1991; LaMassa et al. 2011;
Matt et al. 2013; Arévalo et al. 2014). However, a number of
Seyfert 2s actually do show variations. The study of the variabil-
ity has been approached in diﬀerent ways from the analysis of
the light curves to study of short-term variations (Awaki et al.
2006), through count-rate or flux variations (Isobe et al. 2005;
Trippe et al. 2011), or comparisons of spectra of the same source
at diﬀerent epochs (LaMassa et al. 2011; Marinucci et al. 2013;
Marchese et al. 2014). The observed variations may be related
with absorbing material that crosses our line of sight (Risaliti
et al. 2002, 2010) and/or can be intrinsic to the sources (Evans
et al. 2005; Sobolewska & Papadakis 2009; Braito et al. 2013).
A few Seyfert 2s also showed changes from being reflection-
dominated to transmission-dominated objects, so were called
changing-look objects (Guainazzi et al. 2002; Guainazzi 2002;
Matt et al. 2003; Risaliti et al. 2010).
Although it is well established that a number of Seyfert 2s
are variable, it is unknown whether the same kind of variation
is common for all the nuclei or, more important, what drives
those variations. It is the purpose of this paper to systematically
study the variability pattern in X-rays in Seyfert 2 nuclei. This
is the third in a series of papers aimed at studying the X-ray
variability in diﬀerent families of AGN. In Hernández-García
et al. (2013, 2014), this study was made for LINERs, while the
study of Seyfert 1 and the comparison between diﬀerent families
of AGN will be presented in forthcoming papers.
This paper is organized as follows. In Sect. 2 the sample
and the data are presented, and data reduction is explained in
Sect. 3. The methodology used for the analysis is described
in Sect. 4, including individual and simultaneous spectral fit-
tings, comparisons using data with diﬀerent instruments, long-
term X-ray and UV variations, short-term X-ray variations, and
Compton-thickness analysis. The results derived from this work
are explained in Sect. 5 and are discussed in Sect. 6. Finally, the
main conclusions are summarized in Sect. 7.
2. Sample and data
We used the 13th edition of the Véron-Cetty and Véron catalog
(Véron-Cetty & Véron 2010), which contains quasars and active
galactic nuclei. We selected galaxies located at redshift below
0.05 and classified as Seyfert 2 (S2) or objects with broad polar-
ized Balmer lines detected (S1h). Indeed, S1h objects are those
optically classified as Seyfert 2 that show broad lines in polar-
ized light, which is the reason for their selection. This subsample
includes 730 S2 and 27 S1h.
We searched for all the publicly available data for sources
with observations in more than one epoch with Chandra and/or
XMM-Newton using the HEASARC1 browser up to May 2014.
This first selection includes 73 nuclei. To be able to properly
fit and compare spectra at diﬀerent epochs, we selected sources
with a minimum of 400 number counts in the 0.5−10.0 keV
energy band, as required to use the χ2-statistics. Thirty-four
1 http://heasarc.gsfc.nasa.gov/
galaxies and nine observations did not met this criterium and
were excluded from the sample. Objects aﬀected by a pileup
fraction higher than 10% were also removed, which made us
exclude three objects and 14 observations.
For the remaining 36 nuclei we searched for their opti-
cal classifications in the literature with the aim of including
only pure Seyfert 2 objects in the sample. Nine galaxies were
excluded following this condition: NGC 4258, and NGC 4374
(S1.9 and L2 in Ho et al. 1997), 3C 317.0 and 3C 353.0
(LINERs in NED2), NGC 7314 (S1.9 in Liu & Bregman 2005),
MCG-03.34.064 (S1.8 in Aguero et al. 1994), NGC 5252 (S1.9
in Osterbrock & Martel 1993), and NGC 835 and NGC 6251
(LINERs in González-Martín et al. 2009b). NGC 4472 was also
excluded because its classification is based on the upper limits
of line intensity ratios (Ho et al. 1997), and other classifications
have been found in the literature (e.g., Boisson et al. 2004).
The final sample of Seyfert 2 galaxies contains 26 objects,
18 classified as S2 and 8 classified as S1h in Véron-Cetty &
Véron (2010). However, we revisited the literature to search for
hidden broad-line-region (HBLR, an usual name for S1h) and
non-hidden broad-line-region (NHBLR) objects (e.g., Tran et al.
1992; Tran 1995; Moran et al. 2000; Lumsden et al. 2001; Gu
& Huang 2002). We found two additional HBLR (MARK 1210
and MARK 477) and five NHBLR (MARK 1066, NGC 3079,
NGC 5194, NGC 5643, and NGC 7172) sources. We did not find
information about the remaining 11 nuclei, so we assumed they
are most probably not observed in polarized light.
The final sample of Seyfert 2s in our work thus contains
26 objects (including 10 HBLR and five NHBLR). The target
galaxies and their properties are presented in Table 1. Tables are
in Appendix A, and notes on the individual nuclei in Appendix B
and images at diﬀerent wavelenths in Appendix C.1.
3. Data reduction
3.1. Chandra data
Chandra observations were obtained from the ACIS instrument
(Garmire et al. 2003). Data reduction and analysis were carried
out in a systematic, uniform way using CXC Chandra Interactive
Analysis of Observations (CIAO3), version 4.3. Level 2 event
data were extracted by using the task acis-process-events.
Background flares were cleaned using the task lc_clean.sl4,
which calculates a mean rate from which it deduces a minimum
and maximum valid count rate and creates a file with the periods
that are considered by the algorithm to be good.
Nuclear spectra were extracted from a circular region cen-
tered on the positions given by NED5. We chose circular radii,
aiming to include all possible photons, while excluding other
sources or background eﬀects. The radii are in the range between
2−5′′ (or 4−10 pixels, see Table A.1). The background was ex-
tracted from circular regions in the same chip that are free of
sources and close to the object.
For the source and background spectral extractions, the
dmextract task was used. The response matrix file (RMF) and
ancillary reference file (ARF) were generated for each source
region using the mkacisrmf and mkwarf tasks, respectively.
Finally, the spectra were binned to have a minimum of 20 counts
per spectral bin using the grppha task (included in ftools), to
be able to use the χ2 statistics.
2 http://ned.ipac.caltech.edu/
3 http://cxc.harvard.edu/ciao4.4/
4 http://cxc.harvard.edu/ciao/ahelp/lc_clean.html
5 http://ned.ipac.caltech.edu/
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Table 1. General properties of the sample galaxies.
Name RA Dec Dist.1 NGal mV Morph. HBLR Ref.
(J2000) (J2000) (Mpc) (1020 cm−2) type
(1) (2) (3) (4) (5) (6) (7) (8) (9)
MARK 348 0 48 47.2 31 57 25 63.90 5.79 14.59 S0-a ✓ 1
NGC 424 1 11 27.7 –38 5 1 47.60 1.52 14.12 S0-a ✓ 1
MARK 573 1 43 57.8 2 20 59 71.30 2.52 14.07 S0-a ✓ 1
NGC 788 2 1 6.5 – 6 48 56 56.10 2.11 12.76 S0-a ✓ 1
ESO 417-G06 2 56 21.5 –32 11 6 65.60 2.06 14.30 S0-a –
MARK 1066 2 59 58.6 36 49 14 51.70 9.77 13.96 S0-a ✗ 2
3C 98.0 3 58 54.5 10 26 2 124.90 10.20 15.41 E –
MARK 3 6 15 36.3 71 2 15 63.20 9.67 13.34 S0 ✓ 1
MARK 1210 8 4 5.9 5 6 50 53.60 3.45 13.70 – ✓ 2
NGC 3079 10 1 58.5 55 40 50 19.10 0.89 12.18 SBcd ✗ 2
IC 2560 10 16 19.3 –33 33 59 34.80 6.40 13.31 SBb –
NGC 3393 10 48 23.4 –25 9 44 48.70 6.03 13.95 SBa –
NGC 4507 12 35 36.5 –39 54 33 46.00 5.88 13.54 Sab ✓ 1
NGC 4698 12 48 22.9 8 29 14 23.40 1.79 12.27 Sab –
NGC 5194 13 29 52.4 47 11 41 7.85 1.81 13.47 Sbc ✗ 2
MARK 268 13 41 11.1 30 22 41 161.50 1.37 14.66 S0-a –
MARK 273 13 44 42.1 55 53 13 156.70 0.89 14.91 Sab –
Circinus 14 13 9.8 –65 20 17 4.21 74.40 12.1 Sb ✓ 1
NGC 5643 14 32 40.7 –44 10 28 16.90 7.86 13.60 Sc ✗ 2
MARK 477 14 40 38.1 53 30 15 156.70 1.05 15.03 E? ✓ 2
IC 4518A 14 57 41.2 –43 7 56 65.20 8.21 15. Sc –
ESO 138-G01 16 51 20.5 –59 14 11 36.00 13.10 13.63 E-S0 –
NGC 6300 17 16 59.2 –62 49 5 14.43 7.76 13.08 SBb –
NGC 7172 22 2 1.9 –31 52 8 33.90 1.48 13.61 Sa ✗ 2
NGC 7212 22 7 2.0 10 14 0 111.80 5.12 14.8 Sb ✓ 1
NGC 7319 22 36 3.5 33 58 33 77.25 6.15 13.53 Sbc –
Notes. (1) All distances are taken from the NED and correspond to the average redshift-independent distance estimates. Column 1: Name; Col. 2:
right ascension; Col. 3: declination; Col. 4: distance; Col. 5: galactic absorption; Col. 6: aparent magnitude in the Johnson filter V from Véron-Cetty
& Véron (2010); Col. 7: galaxy morphological type from Hyperleda; Col. 8: hidden broad polarized lines detected.
References. (1) Véron-Cetty & Véron (2010); (2) Gu & Huang (2002).
3.2. XMM-Newton data
XMM-Newton observations were obtained with the EPIC pn
camera (Strüder et al. 2001). The data were reduced in a system-
atic, uniform way using the Science Analysis Software (SAS 6),
version 11.0.0. First, good-timing periods were selected using a
method that maximizes the signal-to-noise ratio of the net source
spectrum by applying a diﬀerent constant count rate threshold on
the single events, E > 10 keV field-of-view background light
curve. We extracted the spectra of the nuclei from circles of
15−30′′ (or 300−600 px) radius centered on the positions given
by NED, while the backgrounds were extracted from circular
regions using an algorithm that automatically selects the best
area – and closest to the source – that is free of sources. This
selection was manually checked to ensure the best selection for
the backgrounds.
The source and background regions were extracted with the
evselect task. The response matrix files (RMF) and the ancil-
lary response files (ARF) were generated using the rmfgen and
arfgen tasks, respectively. To be able to use the χ2 statistics,
the spectra were binned to obtain at least 20 counts per spectral
bin using the grppha task.
3.3. Light curves
Light curves in three energy bands (0.5−2.0 keV, 2.0−10.0 keV,
and 0.5−10 keV) for the source and background regions as
6 http://xmm.esa.int/sas/
defined above were extracted using the dmextract task (for
XMM-Newton) and evselect task (for Chandra) with a 1000 s
bin. To be able to compare the variability amplitudes in diﬀer-
ent light curves of the same object, only those observations with
a net exposure time longer than 30 ks were taken into account.
For longer observations, the light curves were divided into seg-
ments of 40 ks, so in some cases more than one segment of the
same light curve can be extracted. Intervals with flare-like events
and/or prominent decreasing/increasing trends were manually
rejected from the source light curves. We notice that after ex-
cluding these events, the exposure time of the light curve could
be shorter, thus we recall that only observations with a net expo-
sure time longer than 30 ks were used for the analysis. The light
curves are shown in Appendix D. We recall that these values are
used only for visual inspection of the data and not as estimators
of the variability (as in Hernández-García et al. 2014).
4. Methodology
The methodology is explained in Hernández-García et al. (2013)
and Hernández-García et al. (2014). In contrast to the study of
LINER nuclei, we added a new model (namely 2ME2PL), and
a cold reflection component for the individual spectral fittings
and an analysis of the Compton-thickness for the Seyfert galax-
ies. Additionally, we changed the way we estimate the nuclear
contribution in XMM-Newton spectra to perform the simultane-
ous fit using diﬀerent instruments (see Sect. 4.2). A comparison
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with a sample of LINERs will be performed in a forthcoming
paper. For clarity, we recall the procedure below.
4.1. Individual spectral analysis
An individual spectral analysis allowed us to select the best-
fit model for each data set. We added a new model with re-
spect to previous works (2ME2PL), including an additional ther-
mal component to the more complex model, ME2PL, to explain
the two ionized zones observed in some Seyfert galaxies (e.g.,
Netzer & Turner 1997; Bianchi et al. 2010). Then, we also added
a cold reflection component (PEXRAV in XSPEC, Magdziarz &
Zdziarski 1995) to the best-fit model to check whether this com-
ponent improves the fit. We used XSPEC7 version 12.7.0 to fit
the data with six diﬀerent models:
– PL: a single power law representing the continuum of a non-
stellar source. The empirical model is
eNGalσ(E) · eNHσ(E(1+z)) [NH] · Norme−Γ[Γ,Norm].
– ME: the emission is dominated by hot diﬀuse gas, i.e., a ther-
mal plasma. A MEKAL (in XSPEC) model is used to fit the
spectrum. The model is
eNGalσ(E) · eNHσ(E(1+z)) [NH] · MEKAL[kT,Norm].
– 2PL: in this model the primary continuum is an absorbed
power law representing the non stellar source, while the soft
energies are due to a scattering component that is repre-
sented by another power law. Mathematically the model is
explained as
eNGalσ(E)
(
eNH1σ(E(1+z))[NH1] · Norm1e−Γ[Γ,Norm1] +
eNH2σ(E(1+z)) [NH2] · Norm2e−Γ[Γ,Norm2]).
– MEPL: the primary continuum is represented by an absorbed
power law, but at soft energies a thermal plasma dominates
the spectrum. Empirically it can be described as
eNGalσ(E)
(
eNH1σ(E(1+z))[NH1] · MEKAL[kT,Norm1] +
eNH2σ(E(1+z)) [NH2] · Norm2e−Γ[Γ,Norm2]).
– ME2PL: this is the same model as MEPL, but an additional
power law is required to explain the scattered component at
soft energies, so mathematically it is
eNGalσ(E)
(
eNH1σ(E(1+z))[NH1] · Norm1e−Γ[Γ,Norm1] +
MEKAL[kT ] + eNH2σ(E(1+z)) [NH2] · Norm2e−Γ[Γ,Norm2]).
– 2ME2PL: the hard X-ray energies are represented by an
absorbed power law, while the spectrum shows a complex
structure at soft energies, where a composite of two thermal
plasmas plus a power law are required. In Seyfert galaxies,
at least two ionized phases (a warm and a hot) are required
to properly fit their spectra (Netzer & Turner 1997), which
is confirmed by high resolution data (e.g., Bianchi et al.
2010; Marinucci et al. 2011). Ideally, the spectral fit should
be made by using photoionization models to fit high quality
data (e.g., RGS) and then use the obtained spectral param-
eters to fit lower quality data, as in Bianchi et al. (2010) or
González-Martín et al. (2010). We tried to use photoionized
models using Cloudy to fit the soft emission. We found that,
due to the low resolution of our data, these models fit the
data similarly to MEKAL models. Therefore, for simplic-
ity, in this work we represent the photoionized gas by two
thermal plasmas plus Gaussian lines when required (see be-
low). The power law at soft energies represents the scattering
component. Although this is probably a simple model for fit-
ting the complexity of the spectra, the data analyzed in this
7 http://heasarc.nasa.gov/xanadu/xspec/
work do not have enough spectral resolution to properly fit
the data with more realistic models, and therefore this model
is enough for our purposes. It is represented as
eNGalσ(E)
(
eNH1σ(E(1+z)) [NH1] · Norm1e−Γ[Γ,Norm1] +
MEKAL[kT1] + MEKAL[kT2] + eNH2σ(E(1+z))[NH2] ·
Norm2e−Γ[Γ,Norm2]
)
.
– (Best-fit model) + PEXRAV: from the six models described
above, we selected the one that provided the best fit to the
data and added a reflection component (we have chosen
PEXRAV within XSPEC) to account for a plausible con-
tribution of this component in highly obscured Seyfert 2s.
The parameters of the MEKAL component(s) were frozen
to the best-fit values. In this model the absorbed power
law at hard energies represents the transmitted component,
while the PEXRAV is indicative of the reflected fraction
from the primary continuum alone, by setting the reflec-
tion scaling factor to 1. The spectral index was set to be
that of the power law(s), the exponential cutoﬀ was fixed
to 200 keV, and the inclination angle to 45◦. These pa-
rameters are based on typical values obtained from X-ray
analyses at harder energies (e.g., Guainazzi et al. 2005b;
Matt et al. 2004; Akylas & Georgantopoulos 2009; Noguchi
et al. 2009). The free parameters in this model are therefore
NH1,NH2, Γ,Norm1,Norm2, and Normpex. It is worth noting
that we tried similar models to fit the data, such as exchang-
ing the hard PL by PEXRAV or by an absorbed PEXRAV,
and obtained very similar results, but the model explained
above allowed the use of the F test to check for eventual im-
provements in the fits.
In the equations above, σ(E) is the photo-electric cross-section,
z is the redshift, and Normi are the normalizations of the power
law, the thermal component, or the reflected component (i.e.,
Norm1, Norm2, and Normpex). For each model, the parame-
ters that vary are written in brackets. The Galactic absoption,
NGal, is included in each model and fixed to the predicted value
(Col. 5 in Table 1) using the tool nh within ftools (Dickey
& Lockman 1990; Kalberla et al. 2005). Even if not included
in the mathematical form above, all the models include three
narrow Gaussian lines to take the iron lines at 6.4 keV (FeKα),
6.7 keV (FeXXV), and 6.95 keV (FeXXVI) into account. In a
few cases, additional Gaussian lines were required at soft ener-
gies from a visual inspection, including Ne X at 1.2 keV, Mg XI
at 1.36 keV, Si XIII at 1.85 keV, and S XIV at 2.4 keV.
The χ2/d.o.f. and F test were used to select the simplest
model that represents the data best.
4.2. Simultaneous spectral analysis
Once the individual best-fit model is selected for each observa-
tion, and if the models are diﬀerent for the individual observa-
tions, then the most complex model that fits each object was cho-
sen. This model was used to simultaneously fit spectra obtained
at diﬀerent dates of the same nuclei. Initially, the values of the
spectral parameters were set to those obtained for the spectrum
with the largest number counts for each galaxy. To determine
whether spectral variations are observed in the data, this simul-
taneous fit was made in three steps:
0. SMF0 (Simultaneous fit 0): the same model was used with
all parameters linked to the same value to fit every spectra of
the same object, i.e., the non-variable case.
1. SMF1: Using SMF0 as the baseline for this step, we let the
parameters NH1, NH2, Γ, Norm1, Norm2, Normpex, kT1, and
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kT2 vary individually. The best fit was selected for the χ2r
closest to unity that improved SMF0 (using the F test).
2. SMF2: Using SMF1 as the baseline for this step (when
SMF1 did not fit the data well), we let two parameters vary,
the one that varied in SMF1 along with any of the other pa-
rameters of the fit. The χ2r and F test were again used to con-
firm an improvement in the fit.
When data from the same instrument were available at diﬀer-
ent epochs, this method was applied separately for Chandra
and/or XMM-Newton. However, in some cases only one observa-
tion was available per instrument. Instead of directly comparing
the spectra from diﬀerent instruments, we tried to decontami-
nate the extranuclear emission in XMM-Newton data, to make
sure that the emission included in the larger aperture did not
produce the observed variability. This additional analysis was
performed by extracting an annular region from Chandra data,
fitting the models explained above to its spectrum, and select-
ing the one that best fits the annular region. This model was
later incorporated into the XMM-Newton spectrum (with its pa-
rameters frozen), so the parameters of the nuclear emission can
be estimated. We determined the contribution by the annular re-
gion to the Chandra data from the number counts (i.e., model-
independent) in the 0.5−10.0 keV energy band, and this percent-
age was used to estimate the number counts in the nuclear region
of XMM-Newton data. Following the same criteria as we used to
select the data (see Sect. 2), data from diﬀerent instruments were
compared when the number counts in the nuclear XMM-Newton
spectrum was more than 400 counts. We note that this proce-
dure diﬀers from the one used in Hernández-García et al. (2013,
2014). When multiple observations of the same object and in-
strument were available, we compared the data with the closest
dates (marked with c in Table A.1).
4.3. Flux variability
The luminosities in the soft and hard X-ray energy bands were
computed using XSPEC for both the individual and the simul-
taneous fits. For their calculation, we took the distances from
NED, corresponding to the average redshift-independent dis-
tance estimate for each object, when available, or to the redshift-
estimated distance otherwise; distances are listed in Table 1.
When data from the optical monitor (OM) onboard
XMM-Newton were available, UV luminosities (simultaneously
to X-ray data) were estimated in the available filters. We recall
that UVW2 is centered at 1894 Å (1805−2454) Å, UVM2 at
2205 Å (1970−2675) Å, and UVW1 at 2675 Å (2410−3565) Å.
We used the OM observation FITS source lists (OBSMLI)8 to
obtain the photometry. When OM data were not available, we
searched for UV information in the literature. We note that in
this case, the X-ray and UV data might not be simultaneous (see
Appendix B).
We assumed an object to be variable when the square root
of the squared errors was at least three times smaller than the
diﬀerence between the luminosities (see Hernández-García et al.
2014, for details).
4.4. Short-term variability
Firstly, we assumed a constant count rate for segments of
30−40 ks of the observation in each energy band and calculated
8 ftp://xmm2.esac.esa.int/pub/odf/data/docs/
XMM-SOC-GEN-ICD-0024.pdf
χ2/d.o.f. as a proxy to the variations. We considered the source
as a candidate for variability if the count rate diﬀered from the
average by more than 3σ (or 99.7% probability).
Secondly, and to be able to compare the variability ampli-
tude of the light curves between observations, we calculated the
normalized excess variance, σ2NXS, for each light curve segment
with 30−40 ks following prescriptions in Vaughan et al. (2003;
see also González-Martín et al. 2011b; Hernández-García et al.
2014). We recall that σ2NXS is related to the area below the power
spectral density (PSD) shape.
When σ2NXS was negative or compatible with zero within
the errors, we estimated the 90% upper limits using Table 1 in
Vaughan et al. (2003). We assumed a PSD slope of −1, the up-
per limit from Vaughan et al. (2003), and we added the value of
1.282err(σ2NXS) to the limit to account for Poisson noise. For a
number of segments, N, obtained from an individual light curve,
an upper limit for the normalized excess variance was calcu-
lated. When N segments were obtained for the same light curve
and at least one was consistent with being variable, we calcu-
lated the normalized weighted mean and its error as the weighted
variance.
We considered short-term variations for σ2NXS detections
above 3σ of the confidence level.
4.5. Compton thickness
Highly obscured AGN are observed through the dusty torus, in
some cases with column densities higher than 1.5 × 1024 cm−2
(the so-called Compton-thick). In these cases the primary emis-
sion can be reflected at energies ∼10 keV. Since the primary
continuum cannot be directly observed, some indicators using
X-rays and [O III] data have been used to select candidates
(Ghisellini et al. 1994; Bassani et al. 1999; Panessa & Bassani
2002; Cappi et al. 2006).
To properly account for the slope of the power law, Γ, and the
equivalent width of the iron line, EW(FeKα), an additional anal-
ysis was performed. We fit the 3−10 keV energy band of each
spectrum individually with a PL model (see Sect. 4.1) to obtain
the values of Γ and EW(FeKα). Compton-thick candidates can
be selected by using three diﬀerent criteria:
– Γ < 1: since the transmitted component is suppressed below
10 keV, a flattening of the observed spectrum is expected
(Cappi et al. 2006; González-Martín et al. 2009a).
– EW(FeKα) > 500 eV: if the nuclear emission is obscured by
a Compton-thick column density, the primary continuum un-
derneath the FeKα line is strongly suppressed, and the equiv-
alent width of the line enhanced to ∼keV (Krolik et al. 1994;
Ghisellini et al. 1994).
– F(2−10 keV)/F[O III] < 1: since the primary continuum is
suppressed, the X-ray luminosity is underestimated, so when
comparing with an isotropic indicator of the AGN power (as
is the case for the [O III] emission line), the ratio between the
two values decreases (Bassani et al. 1999; Guainazzi et al.
2005b; Cappi et al. 2006; González-Martín et al. 2009a).
Thus, we have used this ratio to select Compton-thick can-
didates, where the extinction-corrected [O III] fluxes were
obtained from the literature (and corrected when needed fol-
lowing Bassani et al. 1999), and the hard X-ray luminosi-
ties, L(2−10 keV), from the individual fits were used (see
Table A.3) for the calculation.
We considered that a source is a Compton-thick candidate when
at least two of the three criteria above were met. Otherwise,
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Fig. 1. UV luminosities obtained from the data with the OM camera onboard XMM-Newton, when available. Diﬀerent filters have been used;
UVW1 (red triangles), UVW2 (green circles), and UVM2 (blue squares).
the source is considered to be a Compton-thin candidate. When
diﬀerent observations of the same source result in diﬀerent clas-
sifications, the object was considered to be a changing-look
candidate.
The spectral fits reported in Sects. 4.1 and 4.2 are performed
with the spectral indices of the soft, Γsoft, and the hard, Γhard,
power laws tied to the same value. When a source is Compton-
thick, its spectrum is characterized by a flat power law at hard
energies (see above), whereas the slope of the power law is
dominated by the scattered component if we tied Γsoft = Γhard,
giving an unrealistic steep power-law index. Thus, the simul-
taneous analysis was repeated by leaving Γsoft and Γhard free
for the objects classified as Compton-thick candidates. We first
made the SMF1 with Γhard vary and found that this compo-
nent does not vary in any case. The values of Γhard obtained for
the Compton-thick candidates following this procedure are re-
ported in Table A.7 (Col. 9). We checked that the rest of the
parameters in the model are consistent with those reported in
Table A.2 within the uncertainties. The same procedure was ap-
plied to Compton-thin candidates, and compatible values of Γsoft
and Γhard were found. It is worth pointing out that it is not within
the scope of this work to obtain the best spectral parameters for
each source, but to obtain their variability patterns. Thus, we
have kept the same general analysis for all the objects (i.e., with
Γsoft = Γhard, although we notice that this is not the case for
Compton-thick candidates), but this procedure does not aﬀect
the main results presented in this paper.
5. Results
In this section we present the results for the variability anal-
ysis of the Seyfert 2 galaxies individually (see Sect. 5.1), as
well as the general results, including the characterization of
the spectra of Seyfert 2s (Sect. 5.2), the long-term variability
(Sect. 5.3), first for the whole sample in general and later divided
into subsamples, X-ray short-term variations (Sect. 5.4), and flux
variations at UV frequencies (Sect. 5.5). The main results of the
analysis are summarized in Table 2. Individual notes on each
galaxy and comparisons with previous works can be found in
Appendix B.
5.1. Individual objects
For details on the data and results, we refer the reader to the
following tables and figures: the observations used in the anal-
ysis (Table A.1); UV luminosities with simultaneous OM data
(Col. 9 of Table A.1 and Fig. 1); individual and simultaneous
best fit, and the parameters varying in the model (Table A.2 and
Fig. 2); X-ray flux variations (Table A.3 and Fig. 3); compari-
son of Chandra and XMM-Newton data using the annular region
(Table A.4); the simultaneous fit between these observations
(Table A.5 and Figs. A.1 and A.2); short-term variability from
the analysis of the light curves (Table A.6 and Appendix D);
and the Compton-thickness analysis, where an object was clas-
sified on the basis that at least two of the three criteria presented
in Sect 4.5 were met (Table A.7). We notice that the addition
of a cold reflection component is not statistically required by
the data, so we do not mention the analysis except in one case
(3C 98.0) where the simultaneous fit was performed.
– MARK 348: SMF1 with variations in Norm2 (69%) repre-
sents the data best. These variations were found within a
nine-year period, which implies intrinsic flux variations of
69% (68%) in the soft (hard) energy band. We classify it as
a Compton-thin candidate.
– NGC 424: two XMM-Newton data sets are available. SMF0
results in χ2r = 2.20, and SMF1 does not improve the
fit; this is most probably because the spectra from 2008
shows a more complex structure compared to 2000, pre-
venting a proper simultaneous spectral fitting. Thus, we do
not perform the simultaneous spectral fit between the two
XMM-Newton data sets. The contribution from the annular
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Fig. 2. For each object, top: simultaneous fit of X-ray spectra; from second row on: residuals in units of σ. The legends contain the date (in the
format yyyymmdd) and the obsID. Details are given in Table 1.
A90, page 7 of 77
A&A 579, A90 (2015)
Fig. 2. continued.
region is negligible, thus the spectral analysis can be jointly
performed using XMM-Newton and Chandra data together.
SMF0 is the best representation of the data. Short-term vari-
ations from the XMM-Newton light curve are not found. We
classify it as a Compton-thick candidate.
– MARK 573: the Chandra data do not show variations (SMF0
was used) within a four-year period. When compared with
XMM-Newton data, the annular region contributes with 24%
to the Chandra data. Again, SMF0 results in the best rep-
resentation of the data. Three additional Gaussian lines are
needed to fit the data at 1.20 keV (Ne X), 1.36 keV (Mg XI),
and 2.4 keV (S XIV). Two Chandra light curves are ana-
lyzed, and variations are not detected. We classify it as a
Compton-thick candidate.
– NGC 788: one observation per instrument is available. The
emission from the annular region is negligible so we jointly
fit Chandra and XMM-Newton data. SMF0 was used, thus no
variations are found in a two years period. We classify it as
a Compton-thin candidate.
– ESO 417-G06: SMF1 with NH2 (21%) because the parame-
ter varying represents the data best. These variations were
obtained within about a one-month period, corresponding to
no flux intrinsic variations. We classify it as a Compton-thin
candidate.
– MARK 1066: only one observation per instrument is avail-
able. The annular region contributes with 8% to Chandra
data. The simultaneous fit without allowing any parameter
to vary (i.e., SMF0) results in a good fit of the data. We clas-
sify it as a Compton-thick candidate.
– 3C 98.0: this is the only object where the unab-
sorbed PEXRAV component improves the fit. The
values of the spectral parameters in this fit are
A90, page 8 of 77
L. Hernández-García et al.: X-ray variability of Seyfert 2s
Table 2. Results of the variability analysis.
Name Type log (Lsoft) log (Lhard) log (MBH) log (REdd) Variability ΔTmax
(0.5−2 keV) (2−10 keV) SMF0 SMF1 SMF2 (Years)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
MARK 348 (X) HBLR 42.76 43.15 7.58 –1.02 ME2PL Norm2 – 10
69+−5% 68+−3% 69+17−14%
NGC 424 (C, X)* HBLR 41.74 41.85 7.78 –2.53 2ME2PL – – 0.16
0% 0%
MARK 573 (C)* HBLR 41.65 41.54 7.37 –2.42 2ME2PL – – 4
0% 0% (+3gauss)
(X, C) 41.73 41.41 2ME2PL – – 2
0% 0%
NGC 788 (X, C) HBLR 42.11 42.60 7.43 –1.43 2ME2PL – – 0.33
0% 0%
ESO 417-G06 (X) – 42.46 42.50 7.44 –1.53 MEPL NH2 – 0.08
0% 0% 21+5−5%
MARK 1066 (X, C)* NHBLR 41.40 41.43 7.23 –2.38 ME2PL – – 2
0% 0%
3C 98.0 (X) – 43.13 42.80 7.75 –1.73 MEPL Norm2 – 0.41
5+−4% 42+−7% 43+41−26%(X, C) 42.40 42.60 MEPL – – 5
0% 0%
MARK 3 (X)* HBLR 42.24 42.74 8.74 –2.58 2ME2PL Norm2 – 1
29+−7% 32+−4% 37+16−14%
MARK 1210 (C) HBLR 42.31 42.79 7.70 –1.50 2ME2PL Norm2 NH2 4
7+−5% 7+−1% 11+10−6 % 20
+5
−4%
IC 2560 (X, C)* – 40.57 41.03 6.46 –2.02 2ME2PL – – 0.16
0% 0% (+1gauss)
NGC 3393 (C)* – 41.64 41.29 8.10 –3.41 2ME2PL – – 7
0% 0%
(X, C) 41.44 41.26 2ME2PL – – 0.66
0% 0%
NGC 4507 (X) HBLR 42.04 42.67 8.26 –2.28 2ME2PL Norm2 NH2 9
96+−4% 81+−10% (+2gauss) 51+26−20% 4+12−9 %(X, C) 41.96 42.85 Norm2 – 0.41
45+−3% 38+−3% 53+36−27%
NGC 4698 (X) – 40.14 40.08 7.53 –4.04 2PL – – 9
0% 0%
NGC 5194 (C)* NHBLR 39.53 39.51 6.73 –3.82 ME2PL – – 11
0% 0%
(X, C) 39.94 39.39 2ME2PL – – 0.6
0% 0%
MARK 268 (X) – 41.34 42.92 7.95 –1.62 ME2PL – – 0.01
0% 0%
MARK 273 (X, C)CL? – 41.34 42.29 7.74 –2.05 2ME2PL NH2 – 2
24+−2% 32+−6% 51+15−14%
Circinus (C)* HBLR 39.80 40.60 7.71 –3.71 2ME2PL – – 9
0% 0% (+4gauss)
NGC 5643 (X)* NHBLR 40.44 40.87 6.30 –2.02 2ME2PL – – 6
0% 0%
MARK 477 (X)* HBLR 42.60 43.11 7.20 –0.68 2ME2PL – – 0.01
0% 0%
IC 4518A (X) – 42.06 42.45 7.48 –1.63 2ME2PL Norm2 – 0.02
40+−2% 41+−6% 42+45−30%
ESO 138-G01 (X)* – 42.23 42.11 5.50 0.01 ME2PL – – 6
0% 0%
Notes. Column 1: name (the asterisks represent Compton–thick or changing look candidates), and the instrument (C: Chandra and/or
X: XMM-Newton) in parenthesis; Col. 2: (non) hidden broad line region objects only in the cases where there are available observations; Cols. 3
and 4: logarithm of the soft (0.5–2 keV) and hard (2–10 keV) X-ray luminosities, where the mean was calculated for variable objects, and percent-
ages in flux variations; Col. 5: black-hole mass on logarithmical scale, determined using the correlation between stellar velocity dispersion (from
HyperLeda) and black-hole mass (Tremaine et al. 2002), or obtained from the literature otherwise (MARK 1210 and NGC 4507 from Nicastro
et al. 2003; IC 4518A from Alonso-Herrero et al. 2013; NGC 6300 and NGC 5643 from Davis et al. 2014; IC 2560 from Balokovic´ et al. 2014;
MARK 268 from Khorunzhev et al. 2012; and MARK 477 from Singh et al. 2011); Col. 6: Eddington ratio, Lbol/!LEdd, calculated from Eracleous
et al. (2010) using Lbol = 33L2−10 keV; Col. 7: best fit for SMF0; Col. 8: parameter varying in SMF1, with the percentage of variation; Col. 9:
parameter varying in SMF2, with the percentage of variation; Col. 10: and the sampling timescale, corresponding to the diﬀerence between the
first and the last observation. The percentages correspond to this ΔTmax.
Norm1 = 70.2281.2158.82 × 10−4 Photons keV−1 cm−2 s−1,
NH2 = 9.6811.318.20 × 1022 cm−2, Γ = 1.301.541.07,
Normpex = 0.100.150.07 × 10−4 Photons keV−1 cm−2 s−1,
Norm2 = 5.518.723.55 × 10−4 Photons keV−1 cm−2 s−1
(XMM-Newton obsID. 0064600101), 3.034.861.93 ×
10−4 Photons keV−1 cm−2 s−1 (XMM-Newton
obsID. 0064600301), and χ/d.o.f. = 109.30/126. Thus,
the best representation of the data requires Norm2 to
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Table 2. continued.
Name Type log (Lsoft) log (Lhard) log (MBH) log (REdd) Variability ΔTmax
(0.5–2 keV) (2–10 keV) SMF0 SMF1 SMF2 (Years)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
NGC 6300 (C) – 41.32 41.95 7.18 –2.68 2PL – – 0.01
0% 0%
(X, C) 41.06 41.68 2PL Norm2 Norm1 8
98+−50% 98+−16% 98+12−77% 93
+25
−25%
NGC 7172 (X) NHBLR 42.50 42.82 8.20 –1.98 ME2PL Norm2 – 5
51+−2% 51+−1% 51+5−5%
NGC 7212 (X, C)* HBLR 41.81 42.60 7.54 –1.55 2ME2PL – – 1
0% 0%
NGC 7319 (C)CL? – 42.99 42.98 7.43 –1.26 ME2PL Norm2 NH1 7
38+−8% 38+−5% 39+53−22% 100
+27
−23%(X, C) 42.58 42.84 ME2PL Norm2 – 6
71+−8% 69+−7% 72+64−46%
Fig. 3. X-ray intrinsic luminosities calculated for the soft (0.5−2.0 keV, green triangles) and hard (2.0–10.0 keV, red circles) energies in the
simultaneous fits, only for the variable objects.
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vary between the two XMM-Newton data sets, while the
reflection component remains constant. This spectral
fit with Norm2 varying agrees with the one using the
MEPL model (Table A.2). The percentages of the varia-
tions are compatible between the two SMF1 and also the
luminosities. For simplicity, we report the results of the
MEPL model in the following. The simultaneous fit of
the XMM-Newton data needs SMF1 with Norm2 (43%)
varing over a period of about half a year. This implies an
intrinsic flux variation of 5% (42%) at soft (hard) energies.
The annular region contributes with 8% to the Chandra
data, and SMF0 was used when comparing Chandra and
XMM-Newton data, i.e., variations were not found within
a five-year period. Short-term variations are not detected
from the Chandra data. UV data from the UVW1 filter did
not show any variability. We classify it as a Compton-thin
candidate.
– MARK 3: the XMM-Newton data need SMF1 with Norm2
(37%) as the parameter responsible for the variations. This
corresponds to flux variations of 29% (32%) in the soft
(hard) energy band in a one-year period. We classify it as
a Compton-thick candidate.
– MARK 1210: X-rays observations with Chandra covering a
period of about four years are simultaneously fitted, resulting
in SMF2 with NH2 (20%) and Norm2 (43%) as the parame-
ters varying in this model. This corresponds to intrinsic flux
variations of 40% (41%) at soft (hard) energies. We classify
the object as a Compton-thin candidate.
– NGC 3079: one observation per instrument is available.
The annular region contributes with 79% to Chandra
data. The estimated number counts in the nuclear component
of the XMM-Newton spectrum is 235 counts, so we do not
perform a simultaneous fitting. This object will not be used
to discuss long-term variations. We classify it as a Compton-
thin candidate. We refer the reader to Appendix B for the
discussion of this source.
– IC 2560: only one observation per instrument is available.
When comparing the data, the annular region contributes
with 11% to the Chandra data. No variations were observed
within two months, i.e., SMF0 was used for the simultane-
ous fit. An additional Gaussian line was needed in the fit at
1.85 keV (Si XIII). A XMM-Newton and a Chandra light
curve were analyzed. We notice that the XMM-Newton light
curve showed a positive value of σ2NXS at 2.5σ of confidence
level, close to our limit (see Sect. 4.4). We classify it as a
Compton-thick candidate.
– NGC 3393: Chandra data are fitted with SMF0, resulting in
no variations in a seven years period. When comparing with
XMM-Newton data, the annular region contributes with 17%,
and SMF0 is needed to fit the data within a one-year period.
Short-term variations are not found from one Chandra light
curve. We classify it as a Compton-thick candidate.
– NGC 4507: SMF2 was used to fit the XMM-Newton data,
with Norm2 (36%) and NH2 (21%) varying in a nine-year
period. This corresponds to a flux variation of 96% (81%) in
the soft (hard) energy band. Two additional Gaussian lines
at 1.36 (Mg XI) and 1.85 (Si XIII) keV are needed to fit
the data. The annular region contributes with 13% to the
Chandra data. When comparing Chandra and XMM-Newton
data, the best fit resulted in SMF1 with Norm2 (53%) varying
over nine years. Short-term variations are found from neither
Chandra nor XMM-Newton light curves. We classify it as a
Compton-thin candidate.
– NGC 4698: SMF0 was used in the simultaneous fit, resulting
in no variations in a nine-year period. UV data in the UVM2
filter is available, where the object does not show changes.
We classify it as a Compton-thin candidate.
– NGC 5194: the simultaneous fit results in no variations (i.e.,
SMF0 was used) within an 11-year period. The annular
region contributes with 91% to the Chandra data. When
comparing data from XMM-Newton and Chandra, SMF0 re-
sults in the best representation of the data. Six Chandra
light curves were analyzed in three energy bands, but vari-
ations are not reported. UV data are available in three filters,
one showing variations (UVW1) and the remaining two not
(UVW2, UVM2). We classify it as a Compton-thick candi-
date.
– MARK 268: the XMM-Newton observations are separated by
two days. SMF0 was used to fit the data. UV data are avail-
able in two filters (UVW1 and UVM2); none of them show
variability. We classify it as a Compton-thin candidate.
– MARK 273: only one observation per instrument can be used
for the variability analysis. The annular region contributes
with 31% to the Chandra data. Variations in NH2 (51%) were
needed in the SMF1. This corresponds to a luminosity vari-
ation of 24% (32%) in the soft (hard) energy band over a
two-year period. UV data are available in two epochs, with
no variations observed. The analysis of the Chandra light
curve results in no short-term variations. Compton-thick and
Compton-thin classifications were obtained for diﬀerent ob-
servations, so we classify it as a changing-look candidate
(see Table A.7).
– Circinus: Chandra and XMM-Newton data are available
at diﬀerent epochs. The Chandra data analysis results in
SMF0 (i.e., no variations) in a nine-year period, while the
XMM-Newton data set needs SMF2 with Norm1 (34%) and
Norm2 (31%) varying within a 13-year period. However, the
XMM-Newton data did not show any flux variations. The
spectra are quite complex, so two (at 1.85 (Si XIII) and
2.4 (S XIV) keV) and four (at 1.2 (Ne X), 1.36 (Mg XI),
1.85 (Si XIII), and 2.4 (S XIV) keV) additional Gaussian
lines are required for the XMM-Newton and Chandra fits, re-
spectively. The annular region contributes with 28% to the
Chandra data. However, the comparison between the data
sets was not carried out owing to the complexity of the spec-
tra. Short-term variations are not found from a Chandra light
curve. We classify it as a Compton-thick candidate. We no-
tice that the variations obtained from XMM-Newton data will
not be used for further discussion, because this variability
seems to be caused by extranuclear sources (see B.18 for
details), and therefore this nucleus is considered as non-
variable.
– NGC 5643: the XMM-Newton data were fitted with the
SMF0; i.e., variations were not observed within a six-year
period. We classify it as a Compton-thick candidate.
– MARK 477: the two observations are separated by two days.
SMF0 was used, so no variations are reported. At UV fre-
quencies variations are not found. We classify the source as
a Compton-thick candidate.
– IC 4518A: the XMM-Newton data need SMF1 with Norm2
(42%) varying. The variations are found in an eight-day pe-
riod, and correspond to a flux variation of 40% (41%) in the
soft (hard) energy band. We classify it as a Compton-thin
candidate.
– ESO 138-G01: no variations are found (i.e., SMF0 was used)
within a five-year period. We classify it as a Compton-thick
candidate.
A90, page 11 of 77
A&A 579, A90 (2015)
– NGC 6300: The Chandra observations are separated by
four days. SMF0 results in the best fit; i.e., variations are
not found. The annular region contributes with 5% to the
Chandra data. When comparing Chandra and XMM-Newton
data, SMF2 was used, with Norm1 (98%) and Norm2 (98%)
varying over an eight-year period. We classify it as a
Compton-thin candidate.
– NGC 7172: SMF1 is the best representation of the
XMM-Newton data, with Norm2 (54%) varying over a three-
year period. This implies an intrinsic flux variation of 54%
(53%) at soft (hard) energies. We classify it as a Compton-
thin candidate.
– NGC 7212: One observation per instrument is available. The
annular region contributes with 16% to the Chandra data.
When comparing both data sets, SMF0 is needed; i.e., vari-
ations are not found. We classify this source as a Compton-
thick candidate.
– NGC 7319: the best representation of the data used SMF2
with NH1 (passed from NH1 = 6.5×1021 cm−2 to NH1 = NGal)
and Norm2 (39%) varying in a seven-year period. Intrinsic
flux variations of 38% in both the soft and hard energy bands
are obtained. The annular region contributes with 17% to the
Chandra data. When comparing XMM-Newton and Chandra
data, SMF1 with Norm2 (54%) varying is required, implying
flux variations of 71% (69%) at soft (hard) energies over six
years. Short-term variations were not detected. We classify
it as a changing-look candidate because Compton-thick and
Compton-thin classifications were obtained for diﬀerent ob-
servations (see Table A.7).
5.2. Spectral characteristics
The sample of 26 optically classified Seyfert 2 galaxies pre-
sented in this work show a variety of spectral shapes. None
of them are well-fitted with the ME or the PL models alone.
Composite models are required in all cases.
The models we used in previous works (to represent
the spectra of LINERs, González-Martín et al. 2009b;
Hernández-García et al. 2013, 2014) describe the spectra
of 12 galaxies well (MARK 348, ESO 417-G06, MARK 1066,
3C 98.0, NGC 3079, NGC 4698, NGC 5194, MARK 268,
ESO 138-G01, NGC 6300, NGC 7172, and NGC 7319). Three
models are required (2PL, MEPL, and ME2PL) for the spectral
fits. Among the 15 objects in our sample observed in polarized
light (see Table 1), one galaxy in this group has a HBLR and
four a NHBLR.
On the other hand, 14 objects (NGC 424, MARK 573,
NGC 788, MARK 3, MARK 1210, IC 2560, NGC 3393,
NGC 4507, MARK 273, Circinus, NGC 5643, MARK 477,
IC 4518A, and NGC 7212) show a more complex structure at
energies below and around 2 keV, which cannot be fitted with
a single thermal component. These nuclei need the 2ME2PL
model to fit the data. Besides, four of the objects need additional
Gaussian lines to properly fit the data. Nine galaxies in this
group have a HBLR and one a NHBLR.
The addition of a cold reflection component to the best-fit
model is not statistically required by the data, except in obsID
0064600101 (XMM-Newton) of 3C 98.0. It is worth noting that
even if a model including this component is physically more
meaningful, the lack of data at harder energies prevents us from
setting the best values required by the model, and therefore a sin-
gle power law is enough for studying nuclear variations. On the
other hand, we find that the cold reflection component remains
constant for 3C 98.0 in SMF1. If this is the general scenario (see
Sect. 6.2), the lack of this component in the models will not in-
troduce biases into the variability analysis.
A thermal component at soft energies is needed to fit the
data in 24 out of the 26 sources; in 14 cases, two MEKAL
are needed. It is worth recalling that even if a MEKAL model
fits the data well, because of its spectral resolution, photoion-
ized models would be required to properly describe the data
(see Sect. 4.1). The values of the temperatures are in the range
kT1 = [0.04–0.26] keV (only when the 2ME2PL model is fitted)
with a mean value of 0.12+−0.03 keV, and kT2 = [0.13-1.00] keV
with a mean value of 0.60+−0.14 keV. The values of the spec-
tral index (which is the same at soft and hard energies, when
two are required) is in the range Γ = [0.61–3.23], with a mean
value of 1.56+−0.40, and the absorbing column densities at hard
energies NH2 = [5.15−152.21] × 1022 cm−2, with a mean value
of 34.69+−15.30 × 1022 cm−2.
5.3. Long-term X-ray spectral variability
From the 26 galaxies in our sample, we compared data at dif-
ferent epochs from the same instrument in 19 cases. Among
these, seven objects were observed with Chandra, 13 with
XMM-Newton, and in one case (namely Circinus) observations
at diﬀerent epochs with both instruments were available.
Chandra and XMM-Newton data are available for the same
object in 15 cases (see Table A.1). We did not compare these data
sets for NGC 3079 because the number counts of the nuclear
contribution of XMM-Newton spectrum (after decontaminating
from the annular region) is not enough for a reliable spectral fit.
Given that NGC 3079 has one observation per instrument that
cannot be compared, this object will not be used to discuss long-
term variations. Additionally, the Chandra and XMM-Newton
spectra of Circinus are very diﬀerent, most probably because
extranuclear sources are included in the XMM-Newton aperture
radius, thus preventing us from properly comparing both. For
the remaining 13 objects, the simultaneous analysis was carried
out (Table A.5), where the extranuclear emission were negligi-
ble in two cases (NGC 424 and NGC 788). Four of these sources
showed spectral variations.
In total, 25 (out of 26) nuclei have been analyzed to study
long-term X-ray spectral variations, with 11 of them (exclud-
ing Circinus9) showing variability. In Fig. 4 (left) we present a
histogram of the luminosities of the variable and non-variable
sources. A K-S test results in p = 0.006, so we can reject the
hypothesis that the sample came from the same normal distri-
bution. The spectral changes are mainly due to variations in
the nuclear power (i.e., Norm2), which is observed in nine nu-
clei (MARK 348, 3C 98.0, MARK 3, MARK 1210, NGC 4507,
IC 4518A, NGC 6300, NGC 7172, and NGC 7319). Changes in
the column density (i.e., NH2) are also present in four cases
(ESO 417-G06, MARK 273, MARK 1210, and NGC 4507 – in
the last two accompained by changes in Norm2). Changes at
soft energies are found in two objects: NGC 7319 (NH1 together
with Norm2) and NGC 6300 (Norm1 together with Norm2). This
means that from the 11 sources showing variations, most of
them (nine out of 11) show variations in the nuclear continuum
(i.e., Norm2), while variations due to absorptions are less com-
mon (four in total, in two objects accompained by variations in
Norm2).
9 We exclude the variations found with XMM-Newton data because
they are most probably due to extranuclear sources, while variations
with Chandra data are not reported.
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Non-variable
Variable
Compton-thin
Compton-thick
Changing-look
Fig. 4. Histograms of: left: the luminosities for the variable (dark blue) and non-variable (light blue) galaxies in the sample; and right: the lu-
minosities for the galaxies in the sample divided into Compton-thick (purple), Compton-thin (red), and changing-look (orange) candidates. The
dashed line represents the value for the selection of faint (below) and bright (above) Seyfert 2s.
Table 3. Mean values of the spectral parameters for the subgroups.
Group Γ NH2 log(L(2–10 keV))
All 1.56+−0.40 34.69+−15.30 42.56+−0.89
HBLR 1.34+−0.43 39.22+−18.62 42.72+−0.80
NHBLR 1.58+−0.48 40.17+−20.23 41.40+−1.04
Compton-thick 0.57+−0.291 43.95+−19.53 42.33+−1.01
Compton-thin 1.43+−0.32 20.31+−14.39 42.73+−1.12
Changing-look 1.68+−0.49 45.99+−1.24 42.76+−0.49
Bright 1.44+−0.40 32.11+−20.12 42.78+−0.29
Faint 1.69+−0.61 34.53+−21.20 41.38+−0.82
Notes. Col. 1: Group; Col. 2: values of Γ; Col. 3: column density in
units of 1022 cm−2; and Col. 4: intrinsic luminosity in the 2–10 keV
energy band. (1) This value is calculated from the simultaneous values
reported in Table A.7.
5.3.1. HBLR vs. NHBLR
From the 15 objects in the sample with available observations
in polarized light (see Table 1), ten are HBLR objects and five
NHBLR. Nine out of the ten HBLR objects need the 2ME2PL
model for the spectral fits (except MARK 348). The mean values
of the parameters in the simultaneous fits are reported in Table 3.
From the ten HBLR, four (MARK 348, MARK 3, MARK 1210,
and NGC 4507) show variations in Norm2, in two sources ac-
compained by variations in NH2. One (NGC 7172) out of the four
NHBLR sources shows variations in Norm2.
Therefore, although the number of objects in this subsample
is not enough to be conclusive, it seems that there is no diﬀerence
in either the proportion of variable objects or in the pattern of the
variations.
5.3.2. Compton-thick vs. Compton-thin
We select Compton-thick candidates when at least two out
of the three indicators were met (see Sect. 4.5). These indi-
cators are obtained from X-ray (EW(FeKα) and Γ) and the
[O III] line (Fx/F[O III]) data. In Fig. 5 we represent the his-
togram of these values for the whole sample, where the mean
was calculated when multiple observations were available (from
Table A.7). One Compton-thin candidate has Γ < 1 (NGC 4698),
one Compton-thick candidate has EW(FeKα) < 0.5 keV
(MARK 477), one Compton-thin candidate has log(Fx/F[O III])<
0 (NGC 3079), and four Compton-thick candidates have
log(Fx/F[O III])> 0 (NGC 424, IC 2560, ESO 138-G01, and
NGC 7212; see discussion in Sect. 6.2).
From the 26 nuclei, 12 are classified as Compton-thick can-
didates (NGC 424, MARK 573, MARK 3, MARK 1066,
IC 2560, NGC 3393, NGC 5194, Circinus, NGC 5643,
MARK 477, ESO 138-G01, and NGC 7212), 12 as Compton-
thin candidates (MARK 348, NGC 788, ESO 417-G06, 3C 98.0,
MARK 1210, NGC 3079, NGC 4507, NGC 4698, MARK 268,
IC 4518A, NGC 6300, and NGC 7172), and two as changing-
look candidates (MARK 273, and NGC 7319). The mean values
of the spectral parameters in these subgroups are reported in
Table 3, where Compton-thin candidates are more luminous
and less obscured and have steeper spectral indices than
Compton-thick candidates. The spectral index of Compton-
thick candidates was estimated using Γsoft  Γhard (see details in
Sect. 4.5) and the values are reported in Table A.7.
Only one (out of the 12) Compton-thick candidates shows
variations (MARK 3), in Norm2. Eight (out of 11) Compton-thin
candidates show changes, with these variations related mainly
to Norm2 (seven cases, in three sources accompained by varia-
tions in NH2 or Norm1) and only in one case to NH2 alone. The
two changing-look candidates show X-ray long-term variations,
MARK 273 varies NH2, and NGC 7319 needs variations in NH1
plus Norm2.
Therefore, the number of variable Compton-thin and chang-
ing look candidates is notably higher than that of Compton-thick
candidates.
5.3.3. Bright vs. faint nuclei
In Fig. 4 (right), we present the histogram of the luminositites
of the AGN in the sample as reported in Table 2, for Compton-
thick (purple), Compton-thin (red), and changing-look (orange)
candidates. A bimodal distribution can be appreciatted (K-S test,
p = 0.030), with the diﬀerence around log(L(2−10 keV)) ∼ 42.
Based on this histogram we separate the objects into faint (with
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log(L(2−10 keV)) < 42) and bright (log(L(2−10 keV)) > 42)
Seyfert 2s.
From these, 15 sources are bright, including four Compton-
thick (one variable, MARK 3), two changing-look (both
variable, MARK 273, and NGC 7319), and nine Compton-
thin (seven variable, MARK 348, ESO 417-G06, 3C 98.0,
MARK 1210, NGC 4507, IC 4518A, and NGC 7172). The re-
maining 11 objects are faint Seyfert 2s, including three
Compton-thin (one shows variations, NGC 6300) and eight
Compton-thick (none varies).
In total, 10 (out of 15) bright nuclei, and one (out of 10) faint
nuclei show variations. Therefore, brighter sources include more
variable sources and less Compton-thick candidates, a trend that
can be derived by comparing left- and righthand panels in Fig. 4.
Moreover, we note that NGC 6300 (i.e., the only faint source
that varies) has log(L(2–10 keV)) = 41.95, very close to the es-
tablished luminosity limit. The mean values of the spectral pa-
rameters of these subgroups are reported in Table 3, where faint
objects show a steeper power law index than bright objects.
5.4. Short-term X-ray variability
Observations with a net exposure time >30 ks are used to
study short-term variations. This requirement leaves us with ten
sources for the analysis (see Table A.6). Three of them (IC 2560,
NGC 5194, and MARK 573) show positive values of σ2NXS, but
below 3σ of confidence level in all cases. Therefore we cannot
claim short-term variations in any of the objects in our sample.
Upper limits of σ2NXS have been estimated for all the other cases.
5.5. Long-term UV flux variability
XMM-Newton data at diﬀerent epochs were used to study long-
term X-ray spectral variations in 13 sources. In nine of them
data from the OM cannot be used because the source is outside
the detector or because the same filter is not available at diﬀer-
ent epochs. In contrast, two objects (MARK 273 and NGC 5194)
have OM data while the sources were out of the pn detector,
so these data were also used to search for variations at UV
frequencies. Thus, UV data for variability studies are available
for six galaxies (3C 98.0, NGC 4698, NGC 5194, MARK 268,
MARK 273, and MARK 477). Only NGC 5194 shows variations
above 3σ of the confidence level in one filter (UVW1).
We also searched in the literature for UV variations for the
sources in the sample, but this information was available only
for MARK 477 (see Appendix B). Comparing the analyses at
X-rays and UV, two out of the six sources do vary at X-rays
but not at UV frequencies (3C 98.0 and MARK 273), and one
(NGC 5194) does not show variations in X-rays but it does at
UV. The remaining three objects do not vary neither in X-rays
nor at UV frequencies.
6. Discussion
6.1. X-ray spectral variability
A long-term X-ray variability analysis was performed for 25 out
of the 26 nuclei in our sample of Seyfert 2 galaxies10. From
these, 11 sources are variable at X-rays. Among the remaining
14 nuclei where variations are not detected, 11 are Compton-
thick candidates, and therefore variations are not expected (e.g.,
10 We recall that NGC 3079 will not be used for the discussion of vari-
ability, see Sect. 5.1.
Matt et al. 2013, and references therein). This agrees well with
our results, where only one out of the 12 Compton-thick can-
didates shows variations. We refer the reader to Sect. 6.2 for a
complete discussion about Compton-thick candidates. The other
three nuclei where variations are not detected are Compton-thin
candidates (NGC 788, NGC 4698, and MARK 268). The lack
of variations may be due to the short timescale between ob-
servations for MARK 268 (two days). The timescales between
observations for the other two sources are on the order of years,
so, in principle, variations could be detected. New data would
therefore be required before confirming the non-variable nature
of these sources.
In this section the discussion is focused on the diﬀerent
patterns of variability obtained for the 11 variable nuclei, includ-
ing eight Compton-thin, two changing-look, and one Compton-
thick candidates. We notice that this is the first time that transi-
tions from a Compton-thin to a Compton-thick (or vice versa)
appearance have been reported for MARK 273 and NGC 7319,
which should be added to the short list of known changing-look
Seyfert 2s, such as NGC 2992 (Gilli et al. 2000), MARK 1210
(Guainazzi et al. 2002), NGC 6300 (Guainazzi 2002), NGC 7674
(Bianchi et al. 2005a), and NGC 7582 (Bianchi et al. 2009).
6.1.1. Variations at soft energies
We found that most of the objects in our sample do not vary
at soft X-ray energies, indicating that the mechanism responsi-
ble for the soft emission should be located far from the nucleus.
Indeed, using artificial neural networks, González-Martín et al.
(2014) compared the spectra of diﬀerent classes of AGN and
starburst galaxies and find that Seyferts 2 have a high contribu-
tion from processes that are related to star formation, which may
be related to emission coming from the host galaxy.
Notwithstanding, two sources show variations at soft ener-
gies (<2 keV), each showing a diﬀerent variability pattern, but
in both cases these variations are accompanied by variations in
the normalization of the hard power law; NGC 6300 shows vari-
ations in the normalization at soft energies, Norm1, when com-
paring data from XMM-Newton and Chandra; and NGC 7319
showed variations in the absorber at soft energies, NH1, when
comparing two Chandra observations. It is worth noting that the
soft X-ray fluxes are on the order of 10−13 erg cm−2 s−1 in the
two nuclei, which is typical of Seyfert galaxies (Guainazzi et al.
2005b), so these variations are not related to low-count number
statistics. However, variations at soft energies in these sources
have not been reported before. Up to now, such variations have
only been found for two Seyfert 2s. Paggi et al. (2012) found
variations at soft X-rays in the Seyfert 2 MARK 573 when com-
paring four Chandra observations. This nucleus is also included
in the present sample, but variations are not found here, mainly
because we did not use two of the observations included in the
work of Paggi et al. (2012) since they were aﬀected by a pileup
fraction higher than 10%. Guainazzi et al. (2012) speculate that
variations at soft X-ray energies in MARK 3 may be present
when comparing XMM-Newton and Swift data, but confirmation
is still required. They argue that these variations are most prob-
ably due to cross-calibration uncertainties between the instru-
ments, but if true, soft X-ray variations could be related to the
innermost part of the narrow-line region.
On the other hand, the variability patterns found in this work
have also been reported for other types of AGN. Variations in
the absorbers, as seen in NGC 7319, were found by González-
Martín et al. (2011a), who used Suzaku data to study the LINER
2 NGC 4102. They argue that the variations at soft energies are
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due to an absorbing material located within the torus and per-
pendicular to the plane of the disk. Variability timescales can
be used to estimate the lower limits of the cloud velocity (e.g.,
Risaliti et al. 2007). However, the timescales between our ob-
servations were obtained randomly, so the variability timescale
of the eclipse can be shorter. In the case of NGC 7319, varia-
tions are obtained within a timescale of seven years, which is
too long to estimate the distance at which the cloud is located. It
is worth noting that we classified this object as a changing-look
candidate. Besides, we found that NGC 6300 varied the normal-
izations at soft and hard energies. Using the same method as
explained in this work, Hernández-García et al. (2013) find the
same variability pattern in the LINER 2 NGC 4552, indicating
that these variations may be intrinsic to the emitting material.
6.1.2. Absorber variations
Variations in the circumnuclear absorbers are thought to be very
common in Seyfert galaxies. In fact, these variations are usu-
ally observed in Seyferts 1−1.9 (e.g., NGC 1365, Risaliti et al.
2007; NGC 4151, Puccetti et al. 2007; MARK 766, Risaliti et al.
2011), where it has been shown that the changes are most prob-
ably related to the broad line region (BLR), although it has been
suggested that multiple absorbers may be present in an AGN, lo-
cated at diﬀerent scales (Braito et al. 2013). However, it is not
so clear whether variations due to absorbers are common for op-
tically classified Seyfert 2s, for which this kind of variation has
only been reported in a few cases (e.g., MARK 348, Marchese
et al. 2014; NGC 4507, Braito et al. 2013 and Marinucci et al.
2013; MARK 1210, Risaliti et al. 2010).
From the 11 variable sources in our sample, variations due
to absorbers at hard energies are detected in four nuclei. In two
of them, MARK 1210 and NGC 4507, variations in NH2 are ac-
compained by variations in the nuclear continuum, Norm2. The
variability pattern reported for these objects agrees with previous
results presented by Risaliti et al. (2010) and Braito et al. (2013),
who argue that the physical properties of the absorber are con-
sistent with these variations occurring in the BLR. Following
prescriptions in Risaliti et al. (2010) and using the BH masses
(Table 2) and variability timescales of one and ten days for
MARK 1210 and NGC 4507, respectively, we estimate the cloud
velocities to be higher than 103 km s−1 in both cases, thus also
locating the absorbers at the BLR.
On the other hand, ESO 417-G06 and MARK 273 showed
variations only in NH2. Trippe et al. (2011) report variations
of a factor about two in the count rate of ESO 417-G06 from
the 22-month survey of Swift, and Balestra et al. (2005) fit the
XMM-Newton and Chandra spectra of MARK 273 studied in
this work and note that diﬀerent column densities were required
to fit the data well (its values in good agreement with ours),
indicating variations due to absorption. The timescale between
observations for ESO 417-G06 is 40 days and two years for
MARK 273. Therefore, we cannot estimate the cloud velocity
for MARK 273 because the timescale is too large. Assuming the
variability timescale of ESO 417-G06 (40 days) and following
prescriptions in Risaliti et al. (2010), we estimate a cloud veloc-
ity >60 km s−1, so too low to restrict the location of the cloud.
Since this estimate is a lower limit of the cloud velocity, a mon-
itoring campaign of these sources would be needed to constrain
their variability timescales, in order to properly constrain the lo-
cus of the absorbers.
6.1.3. Flux variations
The most frequently varying parameter in our sample is Norm2,
which is related to the nuclear continuum. These kinds of varia-
tions are observed in nine out of the 11 X-ray variable sources –
sometimes accompanied by variations in other parameters (see
Sects. 6.1.1 and 6.1.2). Therefore the most natural explanation
for the observed variations in Seyfert 2 galaxies is that the nu-
clear power is changing with time. We recall that variations are
not due to changes in the power law index, Γ, but related to
its normalization. It has been shown that hard X-ray variabil-
ity is usual in Seyfert 2 galaxies (e.g., Turner et al. 1997; Trippe
et al. 2011; Marchese et al. 2014). In fact, this kind of varia-
tion has already been reported in the literature for objects in-
cluded in the present work from intrinsic flux variations indi-
cating changes in the nuclear continuum (Isobe et al. 2005) or
because they needed to set free the normalization of the power
law for a proper fit to the data (LaMassa et al. 2011). Also at
higher energies, Soldi et al. (2014) studied the long-term vari-
ability of 110 AGN selected from the BAT 58-month survey and
argue in favor of a variable nuclear continuum plus a constant
reflection component. Their result is independent of the classi-
fication of the objects, which includes Seyferts, NLSy1s, radio
galaxies, and quasars.
Flux variations are indeed a property of AGN, and they have
been reported at diﬀerent frequencies for Seyfert 2s, such as in
radio (Nagar et al. 2002; Neﬀ & de Bruyn 1983) or infrared
(Sharples et al. 1984; Hönig et al. 2012). In the present work
we used data from the OM onboard XMM-Newton to study UV
variability. These data are available at diﬀerent epochs for six
objects in our sample, but only NGC 5194 shows variations in
the UVW1 filter. This is a Compton-thick candidate that does
not vary in X-rays, so variations at UV frequencies from the nu-
clear component are not expected. It has been shown that the
UV/optical spectra of Seyferts 2 include scattered AGN light,
and it can sometimes be produced by young starbursts, includ-
ing supernovae explosions (e.g., González Delgado et al. 2004).
In fact, supernovae explosions in NGC 5194 have been reported
in 1945, 1994, 2005, and 2011 (Van Dyk et al. 2011), which
could account for the observed variations in the UV.
None of the remaining five nuclei show variations at UV
frequencies, although there are two nuclei that are variable in
X-rays (3C 98.0 and MARK 273). The lack of UV variations
could be explained because X-ray and UV variations might not
happen simultaneously (e.g., Hernández-García et al. 2014) or
because we are not directly observing the nucleus. Muñoz Marín
et al. (2009) studied 15 Seyfert galaxies with Hubble Space
Telescope (HST) data (including types 1 and 2) and found that
most type 2 nuclei appear resolved or absent at UV frequencies,
concluding that the UV emission in Seyfert 2s does not come
from the nucleus. Thus, the lack of UV variations in Seyfert 2s
is most probably because we are not directly observing the nu-
cleus at UV.
6.2. Compton-thickness
Brightman & Nandra (2011a) show that at column densities
∼4 × 1024 cm−2, the observed flux below 10 keV is half that
of the intrinsic flux at harder energies (see also Ghisellini et al.
1994). This indicates that in Compton-thick objects, the pri-
mary continuum is so absorbed in the 2−10 keV energy band
that the emission is optically thick to Compton scattering, and
the spectrum is reflection-dominated. For this reason, we have
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Fig. 5. Histograms of left: the slope of the power law, Γ from Table A.7; middle: equivalent width of the iron line, EW(FeKα); and right: the X-ray
to [O III] flux ratios. In all cases the sample is divided into Compton-thick (purple), Compton-thin (red), and changing-look (orange) candidates.
The dashed lines represents the values for the selection of Compton-thick (below) and Compton-thin (above) candidates.
distinguished between Compton-thin and Compton-thick candi-
dates (see Sects. 4.5 and 5.3).
However, the task of classifying Compton-thick objects with
X-ray data comprising energies up to ∼10 keV is hard because
the peak of the primary emission is above 10 keV. Instead,
three diﬀerent indicators involving X-ray and [O III] emission
line data are used for their selection (see Sect. 4.5, for details).
While the three criteria are met in most cases, our results have
shown that the X-ray to [O III] line flux ratio, log(Fx/F[O III])
is the most unsuitable indicator (see Fig. 5). This agrees with
Brightman & Nandra (2011b), who argue that this parameter
can be inaccurate for classifying Compton-thick sources be-
cause of the uncertainty in the reddening correction of the [O III]
line flux. Moreover, in Fig. 5 (right) there are four objects with
log(Fx/F[O III]) > 2.5, which is higher than the values found by
other authors (Bassani et al. 1999; Cappi et al. 2006; Panessa
et al. 2006), what may be due to an underestimation of the [O III]
line flux. Although the [O III] line is a good luminosity indica-
tor, the reddening correction might depend on the geometry of
the narrow line region, leading to an underestimation of its flux
if we do not take it into account and leading to very high values
of Fx/FO III.
In the present work, 12 nuclei are classified as Compton-
thick candidates. Among them, variations are found only in
MARK 3, which was previously classified as a Compton-thick
candidate (Bassani et al. 1999; Goulding et al. 2012), with a col-
umn density of 1.1× 1024 cm−2 measured by BeppoSAX (Cappi
et al. 1999). In fact, variations in MARK 3 have already been re-
ported by Guainazzi et al. (2012), who studied its variability us-
ing XMM-Newton, Suzaku, and Swift data, and found variations
on timescales of months. We found that the changes in MARK 3
are related to Norm2, i.e., intrinsic to the source. The most likely
explanation for these variations could therefore be that part of
the emission is still transmitted below 10 keV, so variations can
be observed.
Interestingly, we found that most of the Compton-thick can-
didates are non-variable and tend to be fainter than Compton-
thin and changing-look candidates, which show X-ray varia-
tions (see Fig. 4). This can be explained because the intrinsic
luminosity is underestimated if the primary continuum is sup-
pressed at energies below 10 keV, in agreement with the results
of Brightman & Nandra (2011a). In fact, the only Compton-thick
candidate that shows variations in X-rays is included as a bright
Seyfert 2. It could be that variations are not observed because the
spectra of Compton-thick sources are dominated by the reflec-
tion component. If so, this component might be located farther
away from the central source, so it remains constant. This sce-
nario agrees with the results we have obtained for the only source
where a reflection component was statistically required by the
data (namely 3C 98.0). These results are also in good agreement
with those found by other authors, who did not find X-ray vari-
ability for objects classified as Compton-thick (e.g., NGC 424
and NGC 5194, LaMassa et al. 2011; Circinus, Arévalo et al.
2014; NGC 5643, Matt et al. 2013).
As noted above, if the reflection component does not vary,
it might indicate that the reflection of the primary continuum
occurs at large distances from the SMBH. The same result
was obtained by Risaliti (2002), who studied Seyfert 2s with
BeppoSAX and found that the cold reflection component is com-
patible with being non-variable. They argue that if the reflection
originates in the accretion disk, the reflection and the transmit-
ted components must be closely related, but if the distance of
the reflector to the SMBH is greater than the light crossing time
of the intrinsic variations, the reflected component must remain
constant. Therefore a reflector located far away from the SMBH
is supported by our results, maybe in the torus or in the host
galaxy.
6.3. Caveats and limitations of the analysis
The models used in this work to characterize the spectra of
Seyfert 2 galaxies are a simplification of the true physical
scenario occurring in these nuclei. In particular, the 2−10 keV
energy band – where variations are mostly found – is represented
by an absorbed power law continuum, which could be an over-
simplification of the real scenario.
Spectral variability analyses of seven sources studied in this
work have been reported previously. Since at least some of these
works study individual sources, the models used in their analy-
ses might be more complex than ours (see Appendix B, for de-
tails). This comparison shows that our results are almost always
compatible with those reported in the literature (MARK 1210,
Matt et al. 2009 and Risaliti et al. 2010; NGC 4507, Matt et al.
2004; Marinucci et al. 2013; and Braito et al. 2013; MARK 273,
Balestra et al. 2005; Circinus, Arévalo et al. 2014; NGC 6300,
Guainazzi 2002; and NGC 7172, LaMassa et al. 2011). However,
we cannot discard variations due to components that we did
not fit in the models. For instance, Marchese et al. (2014) an-
alyzed the XMM-Newton and Suzaku data of MARK 348 (also
included in the present work), and report variations due to a
neutral plus an ionized absorbers, together with a change in
the ionization parameter of the ionized absorber. Their analysis
is based on the residuals of the spectral fitting, where they
include as many components as required, and the variability
analysis is performed by testing diﬀerent scenarios, includ-
ing a variable continuum plus a constant reflection component
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(χ2/d.o.f. = 567.7/407), a variable continuum plus a variable
reflection component (χ2/d.o.f. = 551.1/406, but variations are
not observed), variations due to absorptions, and changes in the
ionization state (χ2/d.o.f. = 551.6/407). We notice that our
spectral fit of MARK 348 with Norm2 varies results in a very
good fit (χ2/d.o.f. = 1520.5/1368) when comparing the two
XMM-Newton data sets, and residuals are mostly at energies be-
low ∼2.5 keV (see Fig. 2). Therefore, the presence of complex
variations like these in at least some sources in our sample can-
not be completely discarded.
7. Conclusions
Using Chandra and XMM-Newton public archives we performed
a spectral, flux, short-, and long-term variability analysis of
26 optically selected Seyfert 2 galaxies. The main results of this
study can be summarized as follows:
1. Long-term variability was found in 11 out of the 25 ana-
lyzed nuclei, which are more frequent among the bright-
est sources (log(L(2−10 keV)) > 1042 erg s−1). From the
11 variable sources, eight are Compton-thin candidates, two
are changing-look, and only one (namely MARK 3) is a
Compton-thick candidate. No diﬀerence in the variability is
found among the HBLR and NHBLR objects. We report two
changing-look candidates for the first time: MARK 273 and
NGC 7319.
2. Short-term variability has not been detected in any of the
sources. Nor UV variability.
3. The main driver of the observed variations is due to the
power of the central engine manifested through variations in
the normalization of the power law at high energies. At soft
energies variations are rare, and column density variations
have only been observed in four cases.
Our results are compatible with a scenario where a constant
reflection component located far away from the nucleus and
a variable nuclear continuum take place. Within this scenario,
Compton-thick objects are dominated by reflection and do not
show any X-ray spectral or flux variations. This implies that their
luminosities are suppressed at hard X-rays, making them fainter
sources than Compton-thin objects. In contrast, most of the
Compton-thin or changing-look candidates are variable, show-
ing diﬀerent patterns of variability. These changes are mainly
due to variations in the nuclear continuum. However, variations
of the absorber or at soft energies are also found in some cases,
with many of them accompanied by variations of the nuclear
continuum. These variations are mainly due to clouds intersect-
ing our line of sight.
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Appendix A: Tables
Table A.1. Observational details.
Name Instrument ObsID Date R Net Exptime Counts log(LUV) Filter
(′′) (ks) (erg/s)
(1) (2) (3) (4) (5) (6) (7) (8) (9)
MARK 348 XMM-Newton 0067540201 2002-07-18 25 18.5 39552 –
XMM-Newton 0701180101 2013-01-04 25 7.2 5681 –
NGC 424 XMM-Newton 0002942301c 2001-12-10 20 4.5 1777 –
XMM-Newton 0550950101 2008-12-07 20 127.5 33452 –
Chandra 3146c 2002-02-04 2 9.2 1266 –
MARK 573 Chandra 7745c 2006-11-18 2 38.1 3181 –
Chandra 13124 2010-09-17 2 52.4 3456 –
XMM-Newton 0200430701c 2004-01-15 20 9.0 3605 42.75+−0.01 UVW1
42.50+−0.05 UVW2
NGC 788 XMM-Newton 0601740201c 2010-01-15 20 12.0 4464 –
Chandra 11680c 2009-09-06 3 13.6 1155 –
ESO 417-G06 XMM-Newton 0602560201 2009-07-11 20 5.9 2273 –
XMM-Newton 0602560301 2009-08-20 20 6.1 2031 –
MARK 1066 Chandra 4075c 2003-07-14 3 19.9 807 –
XMM-Newton 0201770201 2005-02-20 20 7.6 974 –
3C 98.0 XMM-Newton 0064600101 2002-09-07 20 9.5 2453 41.94+−0.08 UVW1
XMM-Newton 0064600301c 2003-02-05 20 2.9 422 41.99+−0.07 UVW1
Chandra 10234c 2008-12-24 2 31.7 1353 –
MARK 3 XMM-Newton 0111220201 2000-10-19 30 35.2 30700 –
XMM-Newton 0009220601 2001-03-20 30 4.3 3471 –
XMM-Newton 0009220701 2001-03-28 30 3.1 2465 –
XMM-Newton 0009220901 2001-09-12 30 0.9 708 –
XMM-Newton 0009220401 2002-03-10 30 2.7 2215 –
XMM-Newton 0009220501 2002-03-25 30 4.3 3512 –
XMM-Newton 0009221601 2002-09-16 30 1.3 1042 –
MARK 1210 Chandra 4875 2004-03-04 2 10.4 1998 –
Chandra 9264 2008-02-15 2 9.8 2052 –
Chandra 9265 2008-02-15 2 9.4 1873 –
Chandra 9266 2008-02-15 2 9.4 1752 –
Chandra 9268 2008-03-06 2 9.8 1608 –
NGC 3079 Chandra 2038c 2001-03-07 4 27 414 –
XMM-Newton 0110930201c 2001-04-13 25 5 1112 –
IC 2560 XMM-Newton 0203890101c 2003-12-26 20 70.7 7694 –
Chandra 4908c 2004-02-16 3 55.4 1583 –
NGC 3393 Chandra 4868c 2004-02-28 5 29.3 1971 –
Chandra 12290 2011-03-12 5 69.2 3716 –
XMM-Newton 0140950601c 2003-07-05 20 10.1 2759 –
Notes. Column 1: name; Col. 2: instrument; Col. 3: obsID; Col. 4: date; Col. 5: aperture radius for the nuclear extraction; Col. 6: net exposure
time; Col. 7: number of counts in the 0.5−10 keV band; Cols. 8 and 9: UV luminosity from the optical monitor and filter. The c represents data
from diﬀerent instruments that were compared as explained in Sect. 4.2.
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Table A.1. continued.
Name Instrument ObsID Date R Net Exptime Counts log(LUV) Filter
(′′) (ks) (erg/s)
(1) (2) (3) (4) (5) (6) (7) (8) (9)
NGC 4507 XMM-Newton 0006220201 2001-01-04 30 32.3 35004 –
XMM-Newton 0653870201 2010-06-24 30 15.1 11977 –
XMM-Newton 0653870301 2010-07-03 30 12.1 9574 –
XMM-Newton 0653870401c 2010-07-13 30 12.2 10023 –
XMM-Newton 0653870501 2010-07-23 30 10.3 8247 –
XMM-Newton 0653870601 2010-08-03 30 1.0 752 –
Chandra 12292c 2010-12-02 2 39.6 9048
NGC 4698 XMM-Newton 0112551101 2001-12-16 25 8 411 40.14+−0.10 UVM2
XMM-Newton 0651360401 2010-06-09 25 28 1647 40.14+−0.11 UVM2
NGC 5194 Chandra 1622 2001-06-23 2 27 451 –
Chandra 3932c 2003-08-07 2 48 940 –
Chandra 13813 2012-09-09 2 179.2 2238 –
Chandra 13812 2012-09-12 2 157.5 2516 –
Chandra 13814 2012-09-20 2 189.9 2574 –
Chandra 13815 2012-09-23 2 67.2 1022 –
Chandra 13816 2012-09-26 2 73.1 1033 –
XMM-Newton 0112840201c 2003-01-15 25 17 11641 40.94+−0.01 UVW1
XMM-Newton 0212480801 2005-07-01 – – – 40.93+−0.01 UVW1
40.38+−0.11 UVM2
40.37+−0.16 UVW2
XMM-Newton 0303420101 2006-05-20 – – – 40.79+−0.01 UVW1
XMM-Newton 0303420201 2006-05-24 – – – 40.84+−0.01 UVW1
40.34+−0.07 UVW2
XMM-Newton 0677980701 2011-06-07 – – – 40.97+−0.01 UVW1
40.59+−0.04 UVM2
40.40+−0.08 UVW2
XMM-Newton 0677980801 2011-06-11 – – – 40.94+−0.01 UVW1
40.53+−0.04 UVM2
40.41+−0.08 UVW2
MARK 268 XMM-Newton 0554500701 2008-07-20 20 2.3 547 42.59+−0.05 UVM2
42.93+−0.01 UVW1
XMM-Newton 0554501101 2008-07-22 20 10.5 2469 42.66+−0.064 UVM2
42.92+−0.01 UVW1
MARK 273 XMM-Newton 0101640401c 2002-05-07 20 17.8 1796 43.05+−0.06 UVW1
XMM-Newton 0651360301 2010-05-13 – – – 43.16+−0.01 UVW1
Chandra 809c 2000-04-19 4 44.2 1633 –
Circinus Chandra 365 2000-03-14 2 5.0 1638 –
Chandra 9140 2008-10-26 2 48.8 15594 –
Chandra 10937c 2009-12-28 2 18.3 5929 –
XMM-Newton 0111240101 2001-08-06 15 63.8 139614 –
XMM-Newton 0656580601c 2014-03-01 15 24.1 43031 –
NGC 5643 XMM-Newton 0140950101 2003-02-08 25 5.9 1419 –
XMM-Newton 0601420101 2009-07-25 25 16.1 4142 –
MARK 477 XMM-Newton 0651100301 2010-07-21 20 7.2 1898 43.41+−0.01 UVW1
XMM-Newton 0651100401 2010-07-23 20 6.5 1761 43.43+−0.01 UVW1
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Table A.1. continued.
Name Instrument ObsID Date R Net Exptime Counts log(LUV) Filter
(′′) (ks) (erg/s)
(1) (2) (3) (4) (5) (6) (7) (8) (9)
IC 4518A XMM-Newton 0401790901 2006-08-07 20 7.5 2082 –
XMM-Newton 0406410101 2006-08-15 20 21.1 4003 –
ESO 138-G01 XMM-Newton 0405380201 2007-02-16 20 10.5 4454 –
XMM-Newton 0690580101 2013-02-24 20 7.7 3179 –
NGC 6300 Chandra 10292c 2009-06-10 2 9.8 3686 –
Chandra 10293 2009-06-14 2 9.8 3331 –
XMM-Newton 0059770101c 2001-03-02 20 34.9 919 –
NGC 7172 XMM-Newton 0147920601 2002-11-18 25 10.9 19949 –
XMM-Newton 0202860101 2004-11-11 25 18.1 31517 –
XMM-Newton 0414580101 2007-04-24 25 26.9 92998 –
NGC 7212 XMM-Newton 0200430201c 2004-05-20 20 9.6 1365 Not detected
Chandra 4078c 2003-07-22 3 19.9 682 –
NGC 7319 Chandra 789 2000-07-09 3 19.7 880 –
Chandra 7924c 2007-08-17 3 93.2 3796 –
XMM-Newton 0021140201c 2001-12-07 20 32.3 5839 Not detected
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Table A.2. Final compilation of the best-fit models for the sample, including the individual best-fit model for each observation, and the simulta-
neous best-fit model with the varying parameters.
Analysis ObsID Model NH1 NH2 kT Γ Norm1 Norm2 χ2/d.o.f.
keV (10−4) (10−4) F-test
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
MARK 348
Ind 0067540201* ME2PL 0.000.030.00 13.4013.6112.94 0.180.200.14 1.501.561.44 0.590.630.55 80.76101.6580.76 1281.96/1132
Ind 0701180101 ME2PL – 12.8914.1211.74 0.200.230.18 1.421.581.26 0.370.490.37 23.8132.7917.39 219.05/227
SMF1 0067540201 ME2PL – 13.2913.7012.90 0.190.210.18 1.501.561.44 0.540.570.50 88.4998.9579.91 1520.54/1368
0701180101 27.1730.4924.37 0
NGC 424
Ind 0002942301* 2ME2PL – 34.8951.6823.92 0.070.090.06(0.650.720.58) 1.491.911.07 0.480.850.48 4.2110.691.44 66.80/54
Ind 0550950101 2ME2PL – 45.5551.0141.29 0.100.110.09 (0.710.720.70) 2.032.101.93 0.740.830.74 11.4713.759.26 1165.90/532
Ind 3146 2ME2PL – 17.1222.8413.14 0.100.150.08 (0.710.840.60) 2.352.631.94 0.681.010.68 13.7623.776.62 48.02/37
SMF0 0002942301/3146 2ME2PL – 24.4931.9418.65 0.09 0.100.07 (0.67 0.730.61) 1.822.151.46† 0.72 0.880.58 6.7013.113.11 138.97/103
MARK 573
Ind 7745 2ME2PL – 33.2898.2415.65 0.130.150.11 (0.710.760.66) 2.502.782.02 0.480.550.36 3.9716.711.51 71.22/67
Ind 13124* 2ME2PL – 38.4868.8929.40 0.090.130.07 (0.670.720.62) 1.922.271.61 0.570.870.57 5.1811.292.49 92.51/78
Ind 0200430701 2ME2PL – 17.1228.9810.02 0.140.180.11(0.730.820.68) 3.233.453.03 0.660.870.66 9.8518.625.19 78.04/88
SMF0 All 2ME2PL – 45.83103.0125.56 0.10 0.120.09(0.670.690.64) 2.12 2.451.85† 0.41 0.510.38 2.74 5.161.37 198.73/161
NGC 788
Ind 0601740201* 2ME2PL – 50.3256.4044.62 0.110.120.09 (0.710.760.64) 1.411.671.15 0.310.470.31 16.8430.529.18 199.77/154
Ind 11680 2ME2PL – 44.3553.0736.55 0.140.170.09 (0.760.870.67) 0.611.060.15 0.150.310.15 4.1010.511.53 34.4566/39
SMF0 All(+ring) 2ME2PL – 46.61 51.3542.14 0.11 0.120.09 (0.710.750.67) 1.28 1.511.06 0.35 0.410.29 12.43 20.517.55 262.36/205
ESO 417-G06
Ind 0602560201* MEPL 0.770.910.57 5.156.104.41 0.130.180.10 1.031.250.85 59.98571.3110.32 4.526.403.22 129.13/96
Ind 0602560301 MEPL 0.720.870.50 7.859.196.70 0.190.260.14 1.441.701.20 16.28102.572.52 8.5613.805.48 108.13/85
SMF1 0602560201 MEPL 0.760.840.62 5.64 6.385.01 0.150.190.14 1.211.371.07 46.28110.759.33 5.917.954.57 249.86/189
0602560301 7.168.026.42 2.6e-5
MARK 1066
Ind 4075 ME2PL 0.250.470.13 70.47186.8718.90 0.650.710.59 2.172.401.85 0.401.200.40 5.6620.920.22 41.68/24
Ind 0201770201* ME2PL 0.090.190.00 54.30106.1930.42 0.760.860.61 2.172.681.57 0.451.050.45 6.2319.761.74 27.86/35
SMF0 All ME2PL 0.120.240.03 82.29175.0445.83 0.680.790.62 2.022.361.71† 0.530.710.40 7.1125.582.23 96.11/69
3C 98.0
Ind 0064600101* MEPL 0.670.760.57 7.088.286.03 0.150.170.12 1.041.270.81 91.66337.9437.02 3.274.952.21 117.19/102
Ind 0064600301 MEPL 0.691.000.52 7.1510.524.61 0.170.210.11 0.991.640.48 40.52138.529.40 1.755.600.70 7.30/12
Ind 10234 MEPL 1.342.020.00 7.079.095.56 0.21
0.25
0.10 1.041.480.66 13.04
662.07
0.25 1.73
4.18
0.90 64.69/53
SMF1 0064600101 MEPL 0.690.770.61 7.088.206.11 0.140.170.13 1.021.230.83 92.50231.6536.51 3.224.752.24 127.89/122
0064600301 1.852.741.27 6.1e-19
MARK 3
Ind 0111220201* 2ME2PL – 44.0747.2441.14 0.160.170.14 (0.690.710.67) 1.251.331.17 1.541.741.54 15.8919.1013.17 934.21/789
Ind 0009220601 2ME2PL – 43.0553.7634.88 0.120.180.09 (0.670.730.63) 1.371.621.12 1.382.011.38 14.5525.448.03 162.96/134
Ind 0009220701 2ME2PL – 38.5353.8928.53 0.110.180.06 (0.790.860.73) 1.541.841.21 1.432.301.42 18.1434.588.68 93.31/93
Ind 0009220901 2ME2PL – 24.2592.0910.54 0.120.190.07 (0.590.690.46) 0.971.610.31 0.782.030.78 3.4814.840.31 10.50/21
Notes. Column 1: kind of analysis performed, where Ind refers to the individual fitting of the observation, SMF0 is the simultaneous fit without
varying parametes, SMF1 the simultaneous fit varying one parameter, and SMF2 the simultaneous fit varying two parameters; Col. 2: obsID, where
the (*) represents the data that are used as a reference model for the simultaneous fit; Col. 3: best-fit model; Col. 4−9: parameters in the model,
where NH are in units of 1022 cm−2, and Col. 10: χ2/d.o.f., and in SMFx (where x = 1, 2), the result of the F-test is presented in the second line.
(†) The spectral index at hard energies is reported in Table A.7 for Compton-thick candidates.
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Table A.2. continued.
Analysis ObsID Model NH1 NH2 kT Γ Norm1 Norm2 χ2/d.o.f.
keV (10−4) (10−4) F-test
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Ind 0009220401 2ME2PL – 45.3667.9630.98 0.120.170.08 (0.670.770.61) 1.301.600.99 1.382.181.38 11.8923.915.51 119.22/81
Ind 0009220501 2ME2PL – 34.5144.5826.80 0.180.210.14 (0.680.790.63) 1.311.581.04 1.321.951.32 10.3618.735.36 141.61/135
Ind 0009221601 2ME2PL – 53.0997.4630.30 0.130.180.07 (0.730.820.65) 1.171.590.75 1.112.211.11 9.9527.662.93 41.96/35
SMF1 0111220201 2ME2PL – 43.2645.9940.72 0.150.170.15 (0.690.710.68) 1.281.341.21† 1.661.741.57 16.47 19.2214.07 1560.36/1354
0009220601 11.75 14.109.73 5.6e-28
0009220701 11.29 13.689.23
0009220901 11.68 14.878.90
0009220401 10.86 13.218.82
0009220501 11.16 13.429.21
0009221601 10.42 13.158.06
MARK 1210
Ind 4875 2ME2PL 1.292.760.00 22.7228.0517.72 0.200.230.18 (1.001.090.84) 1.011.410.78 0.622.600.62 17.54 64.505.36 97.40/75
Ind 9264* 2ME2PL – 19.7121.0316.00 0.210.250.18 (0.83 3.370.00) 0.981.140.63 0.430.960.00 6.7221.946.72 110.80/78
Ind 9265 2ME2PL 1.181.980.10 33.3938.5425.79 0.200.240.15 (0.820.940.72) 1.942.441.14 1.613.440.63 29.30255.5929.30 71.09/69
Ind 9266 2ME2PL 0.651.420.00 29.4335.0724.21 0.140.190.05 (0.660.790.59) 2.002.611.46 1.312.810.62 32.02295.3732.02 66.41/64
Ind 9268 2ME2PL – 29.1333.3825.21 0.070.200.02 (0.770.870.63) 1.622.241.25 0.611.100.61 39.8889.4415.67 82.76/58
SMF2 4875 2ME2PL – 21.1623.6418.87 0.180.200.15(0.810.870.75) 1.291.481.11 0.570.650.50 14.9322.4410.71 496.50/384
9264 22.7425.1520.53 24.7237.2817.72 8.2e-19
9265 26.4029.0523.93 26.6718.3738.79 1.6e-8
9266 23.3325.8321.00 21.5814.8131.47
9268 26.3129.6223.30 16.7324.4511.44
NGC 3079
Ind 2038 MEPL 1.762.061.47 8.7430.630.00 0.911.160.73 <1.41 2.223.261.72 0.2428.650.07 21.02/20
Ind 0110930201 MEPL 0.650.880.44 0.000.030.00 0.250.380.18 1.521.721.36 11.2689.452.54 0.610.700.51 43.91/54
IC 2560
Ind 0203890101* 2ME2PL – 34.0044.6426.38 0.090.090.07 (0.580.610.50) 1.321.551.09 0.130.190.13 0.831.380.47 298.27/247
Ind 4908 2ME2PL – 26.9943.3317.12 0.110.150.09 (0.590.650.35) 1.281.780.85 0.100.170.09 0.531.450.17 87.87/51
SMF0 All(+ring) 2ME2PL – 31.4239.7425.13 0.09 0.090.07 (0.60 0.620.57) 1.28 1.521.03 0.120.150.10 0.671.140.38 387.65/309
NGC 3393
Ind 4868 2ME2PL 0.000.050.00 32.57120.3913.65 0.140.160.10 (0.590.650.52) 2.673.042.24 0.360.550.36 4.1920.080.78 68.66/53
Ind 12290* 2ME2PL 0.00 0.020.00 24.2540.2413.95 0.150.180.12 (0.690.720.64) 2.722.992.37 0.430.600.43 4.337.972.21 144.84/88
Ind 0140950601 2ME2PL 0.000.240.00 21.30775.718.06 0.110.120.09 (0.580.620.52) 2.202.891.35 0.200.590.19 1.264.350.20 85.17/76
SMF0 All 2ME2PL – 27.7742.1918.92 0.150.160.12 (0.650.690.61) 2.682.892.43† 0.500.560.43 4.267.182.43 232.76/153
NGC 4507
Ind 0006220201* 2ME2PL – 41.7743.1140.45 0.120.140.11 (0.620.640.59) 1.621.701.53 1.071.141.00 75.80108.7175.80 1117.20/987
Ind 0653870201 2ME2PL – 47.0950.4943.84 0.120.150.11 (0.640.670.60) 1.241.391.09 0.831.040.82 23.5633.0016.75 438.97/420
Ind 0653870301 2ME2PL – 50.0854.2446.11 0.110.130.10 (0.650.680.61) 1.091.260.93 0.760.980.75 20.6129.9814.10 440.94/344
Ind 0653870401 2ME2PL – 43.0046.8039.40 0.150.170.13 (0.690.750.65) 0.961.180.79 0.680.880.68 13.9020.199.51 398.38/363
Ind 0653870501 2ME2PL – 46.1950.4242.22 0.120.160.11 (0.610.650.57) 1.181.351.00 0.791.050.79 22.0332.9214.62 346.92/299
Ind 0653870601 2ME2PL – 27.5640.2815.78 0.140.200.08 (0.750.890.63) 0.771.63−0.07 0.220.940.22 6.47 37.340.85 20.13/21
Ind 12292 2ME2PL – 44.6847.4642.02 0.150.170.14 (0.730.780.66) 0.841.000.69 0.630.800.62 19.7427.3714.19 393.04/287
SMF2 0006220201 2ME2PL – 38.5139.6337.42 0.120.130.12 (0.630.650.62) 1.341.401.27 0.930.980.88 48.1655.1142.04 2891.79/2482
0653870201 48.45 51.4545.63 30.92 36.1026.47 0
0653870301 49.56 52.9746.37 33.06 38.7728.18 1.1e-13
0653870401 46.23 49.4543.23 33.16 38.8228.32
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Table A.2. continued.
Analysis ObsID Model NH1 NH2 kT Γ Norm1 Norm2 χ2/d.o.f.
keV (10−4) (10−4) F-test
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
0653870501 46.52 50.0343.26 30.99 36.4126.38
0653870601 37.01 47.7028.95 23.42 31.8417.47
NGC 4698
Ind 0112551101 PL 0.000.030.00 – – 2.162.411.98 – – 16.12/11
2PL – 7.4517.352.20 – 2.442.802.21 0.200.230.17 0.751.250.21 8.01/9
Ind 0651360401* 2PL – 11.1116.216.99 – 2.132.272.00 0.220.230.21 0.741.020.48 75.70/53
SMF0 All 2PL – 9.8414.246.69 2.192.332.08 0.220.230.21 0.700.970.50 92.73/70
NGC 5194
Ind 1622 ME2PL 0.010.260.00 10.42100.050.00 0.640.700.57 2.683.012.23 0.000.230.00 0.22493.630.00 10.38/8
Ind 3932 ME2PL 0.000.100.00 36.13152.0624.54 0.660.700.61 2.322.962.12 0.080.120.08 0.973.670.22 35.93/27
Ind 13813 ME2PL – 60.36 98.9427.81 0.640.660.61 1.92 2.101.72 0.060.080.06 0.902.120.37 62.16/70
Ind 13812 ME2PL 0.14 0.280.00 24.53123.8115.73 0.65 0.680.61 3.04 3.872.05 0.080.240.08 1.916.690.53 83.06/65
Ind 13814* ME2PL 0.06 0.160.00 41.0956.6530.76 0.620.640.59 2.52 3.102.07 0.060.130.06 1.915.310.71 87.12/68
Ind 13815 ME2PL 0.010.110.00 70.9796.1935.84 0.670.720.63 2.403.102.23 0.090.180.09 3.4017.480.06 20.00/31
Ind 13816 ME2PL 0.000.200.00 152.21 201.2967.83 0.600.640.56 2.063.361.39 0.060.090.06 11.5896.471.16 55.55/29
Ind 0112840201 2ME2PL 0.000.040.00 12.0114.779.82 0.150.190.12 (0.600.610.59) 2.813.082.59 0.700.940.70 8.6914.935.82 177.67/207
SMF0 All ME2PL 0.000.050.00 48.6968.6035.14 0.640.650.63 2.142.432.08† 0.080.090.07 1.031.810.70 448.67/358
MARK 268
Ind 0554500701 2PL 0.100.240.00 35.2543.5528.41 – 2.493.261.83 0.470.740.31 91.33409.2126.18 12.07/17
ME2PL 0.131.760.00 31.8645.2124.47 0.570.880.32 2.113.071.35 0.151.700.15 42.96311.6710.25 6.52/15
Ind 0554501101* ME2PL 0.010.090.00 34.2739.1630.47 0.810.890.69 1.702.051.48 0.220.300.18 11.8439.9611.83 104.44/99
SMF0 All ME2PL 0.020.090.00 33.6537.9330.26 0.780.860.64 1.752.061.51 0.240.310.19 20.8240.4212.52 124.87/124
MARK 273
Ind 0101640401* ME2PL – 58.4675.1243.97 0.670.740.61 1.912.071.74 0.270.340.27 6.199.713.73 81.61/64
2ME2PL – 59.9478.4443.57 0.260.400.16 (0.740.880.64) 1.661.931.32 0.190.310.19 3.787.181.63 77.53/62
Ind 809 2ME2PL 0.421.100.17 45.1152.3339.00 0.040.160.02 (0.810.940.73) 2.303.071.76 0.260.700.26 20.70107.258.06 56.07/58
SMF1 0101640401 2ME2PL – 78.8590.9667.72 0.010.150.01 (0.880.990.82) 1.331.461.17 0.170.190.15 2.863.852.09 193.34/131
809 38.4343.9433.42
Circinus
Ind 365 2ME2PL – 60.0481.1633.78 1.0500 (0.4400) 0.981.230.75 2.453.512.45 14.1525.595.09 130.43/58
Ind 9140* 2ME2PL – 41.3346.7336.55 0.070.340.03 (0.710.770.64) 1.001.100.91 2.763.202.76 13.3416.5710.80 965.62/397
Ind 10937 2ME2PL – 54.0267.2543.53 0.0700 (0.750.940.63) 0.881.010.70 2.292.932.29 15.1521.2310.62 476.34/198
Ind 0111240101* 2ME2PL – 39.3344.2035.06 0.110.130.10 (0.590.610.57) 1.351.381.33 14.6915.4014.69 14.5216.4712.72 2661.99/1584
Ind 0656580601 2ME2PL – 46.2849.2644.78 0.020.400.01 (0.610.630.59) 1.311.331.30 9.439.699.43 40.0846.7934.17 2193.02/1090
SMF0 All (Chandra) 2ME2PL – 39.7046.1734.50 0.14 0.2270.04 (0.72 0.840.65) 0.63 0.730.53† 1.86 2.031.69 5.707.204.42 1114.28/673
SMF2 0111240101 2ME2PL – 42.5646.2739.17 0.110.120.08 (0.620.630.60) 1.341.371.31 14.3514.6814.03 15.7917.6314.06 4410.83/2682
0656580601 9.48 9.759.23 22.93 25.1120.90 1.2e-255
1.8e-13
NGC 5643
Ind 0140950101 2ME2PL – 87.04221.4837.68 0.160.190.14 (0.680.770.62) 0.991.420.60 0.200.410.20 1.9011.030.37 35.98/46
Ind 0601420101* 2ME2PL – 35.2351.4625.63 0.090.110.08 (0.590.630.51) 1.511.821.21 0.410.630.41 2.815.351.40 184.91/139
SMF0 All 2ME2PL – 44.6568.0330.74 0.11 0.140.09 (0.610.640.58) 1.321.591.08† 0.430.520.36 2.264.011.21 245.69/197
MARK 477
Ind 0651100301* 2ME2PL – 25.5831.5320.04 0.150.190.11 (0.590.740.36) 1.101.480.71 0.210.360.21 2.896.601.17 55.96/63
Ind 0651100401 2ME2PL – 29.7235.6324.41 0.110.170.07 (0.500.690.30) 1.541.941.12 0.280.490.28 8.4218.783.64 50.90/60
A90, page 24 of 77
L. Hernández-García et al.: X-ray variability of Seyfert 2s
Table A.2. continued.
Analysis ObsID Model NH1 NH2 kT Γ Norm1 Norm2 χ2/d.o.f.
keV (10−4) (10−4) F-test
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
SMF0 All 2ME2PL – 27.7631.8923.92 0.15 0.170.09 (0.60 0.690.33) 1.30 1.581.02† 0.320.380.26 4.898.842.63 122.47/135
IC 4518A
Ind 0401790901 ME2PL – 22.8525.6519.99 0.680.750.61 1.942.191.66 0.280.420.28 23.1838.4813.11 84.82/84
2ME2PL 0.581.420.01 21.9226.4419.79 0.180.220.12 (0.710.790.65) 1.722.211.29 0.230.760.23 15.0536.196.64 69.71/82
Ind 0406410101* 2ME2PL – 24.6527.8521.58 0.090.210.05 (0.650.690.60) 1.471.721.21 0.220.330.22 6.0510.423.46 169.18/161
SMF1 0401790901 2ME2PL – 22.2224.5219.98 0.160.220.09 (0.680.760.64) 1.501.701.29 0.270.310.22 10.2915.686.70 258.87/254
0406410101 5.929.083.83 5.2e-26
ESO 138-G01
Ind 0405380201* ME2PL – 31.4335.9827.61 0.710.780.65 2.312.402.21 1.701.941.70 38.7448.5730.65 287.95/174
Ind 0690580101 ME2PL – 25.8830.8322.91 0.710.840.66 2.602.712.49 1.762.041.76 49.9966.2439.89 211.76/126
SMF0 All ME2PL – 29.8232.2626.29 0.710.770.68 2.422.502.35† 1.851.941.75 43.3851.1936.05 521.97/310
NGC 6300
Ind 10292* 2PL 0.000.420.00 14.0615.3712.14 – 0.770.990.42 0.120.160.08 17.5129.1510.86 145.61/131
Ind 10293 2PL – 19.8321.1717.11 – 1.481.691.07 0.130.170.10 76.69113.2535.41 130.28/121
Ind 0059770101 2PL – 25.4129.6921.70 – 2.192.651.78 0.020.020.01 5.6413.892.52 29.26/35
SMF0 All 2PL – 16.4617.8515.32 – 1.021.260.86 0.120.150.10 32.7051.1624.19 304.19/260
NGC 7172
Ind 0147920601 ME2PL 0.000.050.00 8.458.818.12 0.350.570.27 1.521.581.44 0.230.330.23 61.1869.7853.78 655.26/682
Ind 0202860101 ME2PL – 8.759.028.48 0.200.250.17 1.561.621.50 0.300.340.27 57.4370.7557.43 943.47/1046
Ind 0414580101* ME2PL – 8.348.508.19 0.280.510.19 1.651.681.61 0.310.390.31 152.90162.22143.87 1482.81/1454
SMF1 0147920601 ME2PL – 8.438.568.31 0.260.310.24 1.611.631.58 0.300.320.28 70.7374.3067.35 3198.23/3200
0202860101 66.9570.3063.78 0
0414580101 145.45152.64138.64
NGC 7212
Ind 0200430201* 2ME2PL – 118.96264.7754.65 0.160.200.11 (0.660.780.58) 0.640.910.39 0.150.250.15 1.428.630.28 57.77/46
Ind 4078 2ME2PL – 34.5046.5928.60 0.010.830.00 (0.490.650.26) 1.221.361.14 0.190.240.19 2.667.050.94 45.19/19
SMF0 All(+ring) 2ME2PL – 81.67124.9651.53 0.120.170.08 (0.590.660.52) 0.80 1.040.57† 0.170.210.14 1.43 2.920.62 106.34/77
NGC 7319
Ind 789 ME2PL – 39.1148.4333.65 0.850.990.73 1.292.200.79 0.080.140.05 4.4252.914.42 47.441/31
Ind 7924* ME2PL – 46.0649.0143.15 0.650.750.57 2.032.251.79 0.190.220.16 40.6510.3240.65 187.45/141
Ind 0021140201 2ME2PL – 51.8857.6946.20 0.180.240.08 (0.630.670.60) 1.351.631.07 0.120.180.11 7.1713.383.79 263.86/213
SMF2 789 ME2PL 0.65 0.990.36 46.8749.7044.36 0.670.810.60 2.032.291.88 0.190.220.17 41.72 70.4229.64 240.07/193
7924 – 67.87 113.6949.42 1.5e-18
1.3e-9
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Table A.3. X-ray luminosities.
Individual Simultaneous
Name Satellite ObsID log(L(0.5−2 keV)) log(L(2−10 keV)) log(L(0.5−2 keV)) log(L(2−10 keV))
(1) (2) (3) (4) (5) (6) (7)
MARK 348 XMM-Newton 0067540201 43.0143.0342.98 43.4143.4143.40 43.0143.0242.99 43.4043.4143.40
XMM-Newton 0701180101 42.4742.5042.44 42.8942.9142.88 42.5042.5242.49 42.9042.9142.89
NGC 424 XMM-Newton 0002942301 41.7041.7241.68 42.0142.0741.93 41.7441.7641.72 41.8741.9241.81
XMM-Newton 0550950101 41.9541.9541.94 42.0042.0141.99
Chandra (2′′) 3146 42.0242.0641.97 41.9141.9741.83 41.7441.7641.72 41.8441.8941.79
Chandra (20′′) 3146 42.0042.0441.95 41.9442.0141.86
MARK 573 Chandra (2′′) 7745 42.0242.0641.98 41.6941.7741.59 41.6541.7241.56 41.5441.5941.48
Chandra (20′′) 7745 42.1942.2142.17 41.8741.9641.76
Chandra 13124 41.9441.9841.89 41.7341.8041.66 41.6441.7141.55 41.5441.5941.49
XMM-Newton 0200430701 42.2342.2542.21 41.6141.6641.55
NGC 788 XMM-Newton 0601740201 42.2342.2542.21 42.6742.7042.64 42.11 42.1742.04 42.63 42.6642.60
Chandra (3′′) 11680 41.7041.7441.66 42.5942.7142.42 42.11 42.1742.04 42.59 42.6242.56
Chandra (20′′) 11680 41.8141.8541.76 42.7042.8242.55
ESO 417-G06 XMM-Newton 0602560201 42.5942.6642.51 42.5042.5242.48 42.4642.5942.26 42.5042.5242.48
XMM-Newton 0602560301 42.3942.4442.33 42.5142.5342.49 42.4642.6242.21 42.5042.5242.48
MARK 1066 XMM-Newton 0201770201 41.7941.8241.77 41.7541.8041.70 41.4041.4241.38 41.4441.5341.33
Chandra (3′′) 4075 41.6841.7541.60 41.5541.7341.21 41.3941.4141.37 41.4241.4941.32
Chandra (20′′) 4075 41.9041.9741.81 41.0241.1940.72
3C 98.0 XMM-Newton 0064600101 43.2843.3943.15 42.9142.9242.89 43.1443.3042.87 42.9242.9542.89
XMM-Newton 0064600301 43.1543.2942.96 42.6842.7442.61 43.1243.2942.83 42.6842.7242.63
Chandra (2′′) 10234 42.6742.8042.47 42.6142.7042.48
Chandra (20′′) 10234 42.8142.9742.56 42.6442.7442.50
MARK 3 XMM-Newton 0111220201 42.2942.3042.29 42.8642.8742.86 42.3542.3642.35 42.8742.8842.86
XMM-Newton 0009220601 42.1642.1742.14 42.7342.7742.70 42.2442.2442.23 42.7442.7642.72
XMM-Newton 0009220701 42.0342.0542.01 42.6642.7142.61 42.2242.2342.22 42.7342.7542.70
XMM-Newton 0009220901 41.7641.7941.72 42.5242.5942.43 42.2342.2442.23 42.7442.7942.69
XMM-Newton 0009220401 42.0942.1142.07 42.7242.7642.67 42.2142.2242.21 42.7142.7442.68
XMM-Newton 0009220501 42.1142.1242.09 42.6542.6842.62 42.2242.2242.21 42.7242.7542.70
XMM-Newton 0009221601 42.0442.0742.01 42.7242.7942.63 42.2042.2042.19 42.7042.7442.65
MARK 1210 Chandra 4875 42.2542.2942.21 42.6942.8542.42 42.1942.2042.18 42.6742.7042.64
Chandra 9264 42.3642.4542.24 42.8742.9942.73 42.4042.4142.38 42.8842.9142.85
Chandra 9265 42.8942.9442.84 43.0243.1942.74 42.4142.4342.40 42.9042.9342.86
Chandra 9266 41.4341.5241.33 42.6042.6242.58 42.3342.3442.31 42.8142.8442.77
Chandra 9268 42.5742.6442.49 42.7742.9342.53 42.2242.2442.21 42.7042.7442.66
NGC 3079 Chandra (4′′) 2038 39.5839.6739.46 39.8239.9039.72
Chandra (25′′) 2038 40.0240.1039.93 40.0740.1439.99
XMM-Newton 0110930201 39.8839.9039.86 40.0840.1040.05
IC 2560 XMM-Newton 0203890101 40.7240.7340.71 41.1241.1441.09 40.5740.5840.56 41.05 41.0841.03
Chandra (3′′) 4908 40.4840.5340.44 40.9541.0240.87 40.5640.5740.55 41.0141.0440.99
Chandra (20′′) 4908 40.61 40.6440.57 41.0141.0840.93
Notes. Columns 4 and 5: soft and hard intrinsic luminosities for individual fits; Cols. 6 and 7: soft and hard intrinsic luminosities for simultaneous
fitting. Blanks mean observations that are not used for the simultaneous fittings.
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Table A.3. continued.
Individual Simultaneous
Name Satellite ObsID log(L(0.5−2 keV)) log(L(2−10 keV)) log(L(0.5−2 keV)) log(L(2−10 keV))
(1) (2) (3) (4) (5) (6) (7)
NGC 3393 Chandra (5′′) 4868 41.6341.6541.61 41.2941.4041.14 41.6441.6541.63 41.2941.3241.25
Chandra (20′′) 4868 41.5941.6141.57 41.2841.3641.17
Chandra 12290 41.6541.6741.64 41.2941.3341.24 41.6441.6541.63 41.2941.3241.25
XMM-Newton 0140950601 41.3841.3941.36 41.2141.3740.97
NGC 4507 XMM-Newton 0006220201 42.7942.7942.78 43.1243.1343.12 42.5542.5642.55 43.0543.0643.05
XMM-Newton 0653870201 42.1642.1742.15 42.8242.8342.81 41.1941.2041.19 42.3442.3542.33
XMM-Newton 0653870301 42.2042.2142.19 42.8742.8842.85 42.4042.4042.39 42.9042.9142.88
XMM-Newton 0653870401 42.0442.0542.03 42.8142.8242.80 41.0641.0641.05 42.3942.4042.37
XMM-Newton 0653870501 42.2042.2142.18 42.8442.8542.82 41.1941.2041.19 42.3542.3742.34
XMM-Newton 0653870601 41.6541.6941.61 42.6142.7242.45 41.1941.2041.19 42.3342.3742.28
Chandra (2′′) 12292 42.2142.2342.20 42.99 43.0142.97
Chandra (30′′) 12292 42.24 42.2542.22 43.07 43.0943.05
NGC 4698 XMM-Newton 0112551101 40.0040.0539.95 39.9742.9139.78 40.1440.1740.12 40.0840.1240.04
XMM-Newton 0651360401 40.2240.2440.19 40.1641.2239.73 40.1440.1740.12 40.0840.1240.04
NGC 5194 Chandra 1622 39.2539.3439.15 38.8839.1238.33 39.5339.5439.52 39.5139.5439.48
Chandra (2′′) 3932 39.3039.3539.25 39.2139.3239.07 39.5339.5439.52 39.5139.5439.48
Chandra (25′′) 3932 40.2640.2840.24 39.6439.7439.50
Chandra 13813 39.2639.2739.24 39.3439.4139.26 39.5339.5439.52 39.5139.5439.48
Chandra 13812 40.3340.3640.29 40.3940.5140.23 39.5339.5439.52 39.5139.5439.48
Chandra 13814 39.5739.6039.55 39.4639.5639.34 39.5339.5439.52 39.5139.5439.48
Chandra 13815 39.7939.8439.75 39.5839.7039.41 39.5339.5439.52 39.5139.5439.48
Chandra 13816 40.3240.3540.30 40.4140.5540.21 39.5339.5439.52 39.5139.5439.48
XMM-Newton 0112840201 39.46 39.4739.45 39.66 39.6739.65
MARK 268 XMM-Newton 0554500701 41.2941.3441.22 43.5443.6043.48 41.4541.4841.41 42.9242.9842.84
XMM-Newton 0554501101 41.3941.4241.37 43.4243.4443.40 41.2741.3041.24 42.9242.9842.84
MARK 273 XMM-Newton 0101640401 42.7142.7342.68 42.8342.8742.80 41.40 41.4141.39 42.20 42.2442.16
Chandra (4′′) 809 43.2043.2443.16 43.0643.2142.83 41.2841.3041.26 42.3742.4142.33
Chandra (20′′) 809 42.9743.0042.95 43.03 43.1242.93
Circinus Chandra 365 39.9840.0639.88 40.7640.8140.70 39.8039.8239.78 40.6040.6140.59
Chandra 9140 40.0340.0540.02 40.6640.6740.65 39.8039.8239.78 40.6040.6140.59
Chandra (2′′) 10937 39.9840.0039.96 40.7640.7840.74 39.8039.8239.78 40.6040.6140.59
Chandra (15′′) 10937 40.3940.4040.38 40.9640.9840.94
XMM-Newton 0111240101 40.4940.4940.48 40.7140.7240.71 40.5040.5040.50 40.7440.7440.73
XMM-Newton 0656580601 40.6640.6640.65 40.8340.8440.83 40.5140.5240.51 40.7640.7740.76
NGC 5643 XMM-Newton 0601420101 40.5140.5340.49 40.8440.8840.80 40.4440.4740.42 40.8740.9040.84
XMM-Newton 0140950101 40.3840.4140.36 40.9841.0440.91 40.4440.4740.42 40.8740.9040.84
MARK 477 XMM-Newton 0651100301 42.5442.5642.51 43.0643.1143.01 42.6042.6242.58 43.1143.1643.06
XMM-Newton 0651100401 42.9442.9742.91 43.2143.243.16 42.6042.6242.58 43.1143.1643.06
IC 4518A XMM-Newton 0401790901 42.3342.3542.30 42.5742.5942.54 42.1742.1942.14 42.5642.5942.52
XMM-Newton 0406410101 41.9241.9541.89 42.3642.3842.33 41.9541.9741.92 42.3342.3642.30
ESO 138-G01 XMM-Newton 0405380201 42.2342.2442.22 42.1242.1442.10 42.23 42.2542.22 42.1142.1342.09
XMM-Newton 0690580101 42.2942.3042.27 42.0542.0742.02 42.23 42.2542.22 42.1142.1342.09
NGC 6300 Chandra (2′′) 10292 41.0541.1540.91 41.9241.9641.88 41.3241.4041.23 41.9541.9841.93
Chandra (20′′) 10292 41.1741.3040.98 41.9642.0141.91
Chandra 10293 41.6441.7541.48 42.0142.0641.95 41.3241.4041.23 41.9541.9841.93
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Table A.3. continued.
Individual Simultaneous
Name Satellite ObsID log(L(0.5−2 keV)) log(L(2−10 keV)) log(L(0.5−2 keV)) log(L(2−10 keV))
(1) (2) (3) (4) (5) (6) (7)
XMM-Newton 0059770101 40.4440.5240.35 40.4540.4840.41
NGC 7172 XMM-Newton 0147920601 42.3042.3242.28 42.6742.6842.67 42.3542.3642.33 42.6742.6842.67
XMM-Newton 0202860101 42.3042.3242.28 42.6642.6642.65 42.3242.3342.31 42.6542.6542.64
XMM-Newton 0414580101 42.6842.6942.67 42.9842.9842.98 42.6642.6742.65 42.9842.9842.98
NGC 7212 XMM-Newton 0200430201 41.6541.6841.62 42.5842.6242.54 41.81 41.8441.76 42.63 42.6942.56
Chandra (3′′) 4078 42.0442.0842.00 42.4843.3842.45 41.8041.8441.74 42.58 42.6442.52
Chandra (20′′) 4078 42.0642.0942.03 42.4842.5742.35
NGC 7319 Chandra 789 42.6842.7442.62 42.8242.9642.61 42.88 42.9442.81 42.8742.9042.83
Chandra (3′′) 7924 43.0343.0742.99 43.0643.1242.99 43.0943.1243.06 43.0843.1043.05
Chandra (20′′) 7924 43.3143.3343.28 43.1543.1843.12
XMM-Newton 0021140201 42.1042.1242.09 42.5842.6042.56
A90, page 28 of 77
L. Hernández-García et al.: X-ray variability of Seyfert 2s
Table A.4. Results for the best fit of the annular region (ring) in Chandra data, and the best fit obtained for the nucleus of XMM-Newton data
when the contribution from the annular region was removed.
Name (obsID) Region Model NaH1 NaH2 kT Γ χ2r log(Lsoft) log(Lhard) Cont.
(keV) (0.5−2 keV) (2−10 keV) %
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
MARK 573 (7745) Ring∗ ME2PL – 75.90160.3426.64 0.670.750.57 3.86−3.64 1.97 43.12 42.01 24
MARK 573 (0200430701) Nucleus∗∗ 2ME2PL – 9.8218.255.83 0.150.180.14 (0.760.860.68) 3.013.372.61 0.86 41.88 41.34 –
MARK 1066 (4075) Ring∗ PL 0.210.350.00 – – 3.994.002.68 1.40 39.65 39.26 8
MARK 1066 (0201770201) Nucleus∗∗ ME2PL 0.080.160.00 53.37110.4628.95 0.760.870.61 2.002.561.50 0.78 41.61 41.67 –
3C 98.0 (10234) Ring∗ ME 15.7827.178.21 – 3.9901.24 – 4.30 41.58 41.65 8
3C 98.0 (0064600301) Nucleus∗∗ MEPL 0.720.940.52 6.989.764.45 0.170.210.11 0.991.610.43 0.72 42.93 42.67 –
NGC 3079 (2038) Ring∗ MEPL 0.010.240.00 0.070.160.00 0.650.690.61 2.162.751.76 0.91 39.92 39.63 78
NGC 3079 (0110930201) Nucleus∗∗ MEPL 0.591.820.00 – 0.230.280.20 1.244.960.57 1.04 40.36 41.92 –
IC 2560 (4908) Ring∗ MEPL – 0.002.180.00 0.290.410.21 0.822.920.28 1.56 39.22 39.62 11
IC 2560 (0203890101) Nucleus∗∗ 2ME2PL – 33.9444.7326.02 0.090.090.07 (0.600.630.57) 1.321.601.03 1.14 40.61 41.08 –
NGC 3393 (4868) Ring∗ MEPL 0.150.540.00 0.030.390.00 0.190.310.08 2.923.702.32 1.35 41.02 39.85 17
NGC 3393 (0140950601) Nucleus∗∗ 2ME2PL – 21.9864.988.83 0.090.110.08 (0.590.620.54) 1.191.690.72 1.08 41.10 41.11 –
NGC 4507 (12292) Ring∗ ME2PL – 66.3582.4551.97 0.770.870.64 2.402.771.97 1.40 40.48 41.44 13
NGC 4507 (0653870401) Nucleus∗∗ 2ME2PL – 37.5042.4232.87 0.150.170.14 (0.690.770.64) 0.580.780.36 1.06 41.71 42.66 –
NGC 5194 (3932) Ring∗ ME2PL 0.110.150.031 11.1813.619.18 0.570.590.54 3.784.003.24 1.34 40.74 39.69 91
NGC 5194 (0112840201) Nucleus∗∗ 2ME2PL 3.4310.370.06 106.33190.3653.17 0.150.190.12(0.690.760.63) 3.443.513.37 0.92 41.70 40.75 –
MARK 273 (809) Ring∗ MEPL 0.000.110.00 0.000.110.00 0.630.690.54 2.653.442.40 1.27 41.05 40.78 31
MARK 273 (0101640401) Nucleus∗∗ 2ME2PL – 55.9778.0440.39 0.260.530.00 (0.801.000.65) 1.391.740.98 1.25 42.23 42.68 –
Circinus (10937) Ring∗ ME2PL – 123.38150.2448.72 0.750.830.64 1.812.081.74 1.05 40.18 40.30 28
Circinus (0656580601) Nucleus∗∗ 2ME2PL – 39.5744.5535.25 0.030.030.02 (0.580.610.50) 1.411.491.34 1.68 40.49 40.72 –
NGC 6300 (10292) Ring∗ ME 56.2183.9942.23 – 0.701.090.59 – 2.00 40.00 40.74 5
NGC 6300 (0059770101) Nucleus∗∗ 2PL – 32.4537.8627.67 – 2.522.982.07 0.85 40.84 40.58 –
NGC 7212 (4078) Ring∗ PL 0.000.120.00 – – 2.112.881.75 3.08 40.57 40.91 16
NGC 7212 (0200430201) Nucleus∗∗ 2ME2PL – 121.46391.3149.26 0.170.220.11 (0.670.800.58) 0.370.660.10 1.25 41.66 42.72 –
NGC 7319 (7924) Ring∗ ME2PL – 53.3293.8930.39 0.610.690.52 3.343.782.94 0.68 42.72 41.93 17
NGC 7319 (0021140201) Nucleus∗∗ 2ME2PL – 49.0942.2856.28 0.330.160.41(0.730.620.84) 0.930.611.23 1.23 41.75 42.78 –
Notes. Column 1: name and obsID in parenthesis; Col. 2: extracted region; Col. 3: best-fit model; Cols. 4−8: parameters of the best-fit model
((a) n units of 1022 cm−2); Cols. 9 and 10: soft and hard intrinsic luminosities; and Col. 11: the percentage of the number counts contribution from
the ring to the rext aperture Chandra data in the 0.5−10.0 keV band. (∗) Spectral parameters of the annular region in Chandra data. (∗∗) Spectral
parameters of the nuclear region in XMM-Newton data when the spectral parameters of the ring from Chandra data are included in the fit.
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Table A.5. Simultaneous fittings taking the contribution from the annular region given in Table A.4 into account.
ObsID NH1 NH2 kT Γ Norm1 Norm2 χ2/d.o.f. log(Lsoft) log(Lhard)
(1022 cm−2) (1022 cm−2) (keV) (10−4) (10−4) (0.5−2 keV) (2−10 keV)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
NGC 424
0002942301 – 24.4931.9418.65 0.09 0.100.07 (0.67 0.730.61) 1.822.151.46 0.72 0.880.58 6.7013.113.11 138.97/103 41.7441.7641.72 41.8741.9241.81
3146 41.7441.7641.72 41.8441.8941.79
NGC 788
0601740201 – 46.61 51.3542.14 0.11 0.120.09 (0.710.750.67) 1.28 1.511.06 0.35 0.410.29 12.43 20.517.55 262.36/205 42.11 42.1742.04 42.63 42.6642.60
11680 42.11 42.1742.04 42.59 42.6242.56
MARK 573
0200430701 – 11.4053.260.00 0.12 0.150.11 (0.710.760.67) 2.67 2.912.32 0.020.020.01 0.510.590.43 198.75/171 41.75 41.7641.74 41.41 41.4841.31
7745 41.71 41.7341.70 41.4041.4941.30
MARK 1066
0201770201 0.120.240.03 82.29175.0445.83 0.680.790.62 2.022.361.71 0.530.710.40 7.1125.582.23 96.11/69 41.4041.4241.38 41.4441.5341.33
4075 41.3941.4141.37 41.4241.4941.32
3C 98.0
0064600301 0.450.610.09 6.147.464.99 0.170.280.12 0.851.160.59 9.8513.560.51 1.252.020.76 94.67/73 42.4142.5842.11 42.6442.6942.58
10234 42.4042.5842.10 42.5942.6442.54
IC 2560
0203890101 – 31.4239.7425.13 0.09 0.090.07 (0.60 0.620.57) 1.28 1.521.03 0.120.150.10 0.671.140.38 387.65/309 40.5740.5840.56 41.05 41.0841.03
4908 40.5640.5740.55 41.0141.0440.99
NGC 3393
0140950601 – 32.83 96.9818.88 0.10 0.120.09 (0.580.610.54) 2.29 2.721.86 0.350.450.26 2.345.611.04 167.03/141 41.44 41.4841.39 41.26 41.3241.19
4868 41.53 41.5741.47 42.76 42.8242.69
NGC 4507
0653870401 – 41.1943.5938.85 0.150.170.14 (0.700.760.67) 0.660.790.53 0.560.620.50 6.258.454.58 784.58/659 41.81 41.8241.80 42.7342.7442.71
12292 13.3517.6110.07 42.0742.0842.06 42.9442.9642.92
NGC 5194
0112840201 0.100.170.04 197.20 255.6181.98 0.02 0.020.01 (0.650.680.62) 3.46 3.603.26 0.16 0.200.14 41.71114.0230.51 322.54/202 40.03 40.0340.02 39.59 39.6239.55
3932 39.8439.7539.92 39.18 39.2439.11
MARK 273
0101640401 – 78.8590.9667.72 0.010.150.01 (0.880.990.82) 1.331.461.17 0.170.190.15 2.863.852.09 193.34/131 41.40 41.4141.39 42.20 42.2442.16
809 38.4343.9433.42 41.2841.3041.26 42.3742.4142.33
NGC 6300
0059770101 – 16.5618.3014.86 1.071.330.82 0.010.010.01 0.570.940.34 221.55/172 39.5539.6639.41 40.2340.2740.19
10292 0.150.190.11 37.7561.0223.34 41.3541.4441.23 41.9742.0041.93
NGC 7212
0200430201 – 81.67124.9651.53 0.120.170.08 (0.590.660.52) 0.80 1.040.57 0.170.210.14 1.43 2.920.62 106.34/77 41.81 41.8441.76 42.63 42.6942.56
4078 41.8041.8441.74 42.58 42.6442.52
NGC 7319
0021140201 45.9848.7243.31 0.620.650.58 1.681.851.49 0.150.170.13 10.1514.846.83 613.13/364 42.2342.2542.22 42.51 42.5342.49
7924 35.6751.5424.35 42.7742.8042.74 43.0243.0442.99
Notes. Column 1: name and obsID in parenthesis; Cols. 2−7 parameters of the best-fit model; Col. 8: χ2/d.o.f.; and Cols. 9 and 10: soft and hard
intrinsic luminosities.
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Fig. A.1. For each object, top: simultaneous fit comparing Chandra and XMM-Newton spectra; from second row on: residuals in units of σ. The
legends contain the date (in the format yyyymmdd) and the obsID. The observations used for comparisons are marked with c in Table A.1.
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Fig. A.1. continued.
Fig. A.2. X-ray intrinsic luminosities calculated for the soft (0.5–2.0 keV, green triangles) and hard (2.0–10.0 keV, red circles) energies in the
simultaneous fitting, only for the variable objects, when Chandra and XMM-Newton data are compared.
Table A.6. Statistics of the light curves.
Name ObsID Energy χ2/d.o.f. Prob.(%) σ2NXS 〈σ2NXS〉
(1) (2) (3) (4) (5) (6) (7)
NGC 424 0550950101 0.5−10 (1) 48.7/40 84 <0.0026 <0.0020
0.5−10 (2) 13.0/30 1 <0.0031
0.5−2 (1) 38.8/40 48 <0.0034 <0.0027
0.5−2 (2) 17.3/30 3 <0.0041
2−10 (1) 33.0/40 22 <0.0102 <0.0077
2−10 (2) 31.8/30 62 <0.0116
Notes. Column 1: name; Col. 2: obsID; Col. 3: energy band in keV; Cols. 4 and 5: χ2/d.o.f. and the probability of being variable in the 0.5−10.0 keV
energy band of the total light curve; Col. 6: normalized excess variance, σ2NXS; and Col. 8: the mean value of the normalized excess variance, 〈σ2NXS〉,
for each light curve and energy band.
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Table A.6. continued.
Name ObsID Energy χ2/d.o.f. Prob.(%) σ2NXS 〈σ2NXS〉
(1) (2) (3) (4) (5) (6) (7)
MARK 573 7745 0.5−10 44.4/38 88 0.0041+−0.0037
0.5−2 34.9/38 39 <0.0096
2−10 76.0/38 100 <0.0710
13124 0.5−10 56.0/40 95 <0.0108
0.5−2 46.9/40 79 <0.0122
2−10 50.7/40 88 <0.0900
3C 98.0 10234 0.5−10 17.2/31 2 <0.0157
0.5−2 32.3/31 60 <0.2035
2−10 17.9/31 3 <0.0169
IC 2560 0203890101 0.5−10 62.0/40 99 0.0108 +− 0.0043
0.5−2 44.5/40 71 <0.0156
2−10 49.1/40 85 <0.0268
4908 0.5−10 48.1/40 82 <0.0204
0.5−2 60.7/40 99 0.0172+− 0.0140
2−10 29.3/40 11 <0.0581
NGC 3393 12290 0.5−10 30.2/40 13 <0.0109
0.5−2 31.3/40 16 <0.0127
2−10 42.2/40 62 <0.0724
NGC 4507 0006220201 0.5−10 35.4/30 77 <0.0007
0.5−2 25.7/30 31 <0.0031
2−10 36.4/30 81 <0.0009
12292 0.5−10 39.2/39 54 <0.0026
0.5−2 28.9/39 12 <0.0079
2−10 47.6/39 84 <0.0039
NGC 5194 3932 0.5−10 50.7/40 88 <0.0311
0.5−2 50.0/40 87 <0.0364
2−10 42.0/40 62 <0.2008
13813 0.5−10 (1) 58.7/40 97 <0.0568 0.0209+−0.0190
0.5−10 (2) 36.2/40 46 <0.0379
0.5−10 (3) 32.8/40 22 <0.0366
0.5−10 (4) 58.8/40 97 0.0335+−0.0185
0.5−2 (1) 84.8/40 100 0.0572+−0.0330 0.0373+−0.0289
0.5−2 (2) 36.5/40 37 <0.0454
0.5−2 (3) 31.8/40 18 <0.0435
0.5−2 (4) 60.0/40 98 0.0236+−0.0217
2−10 (1) 28.1/40 18 <0.2318 <0.1218
2−10 (2) 33.8/40 26 <0.2203
2−10 (3) 30.6/40 14 <0.2473
2−10 (4) 28.9/40 10 <0.2716
13812 0.5−10 (1) 48.9/40 84 <0.0401 <0.0227
0.5−10 (2) 37.9/40 43 <0.0382
0.5−10 (3) 44.6/40 72 <0.0398
0.5−2 (1) 44.8/40 72 <0.0485 <0.0273
0.5−2 (2) 40.9/40 57 <0.0459
0.5−2 (3) 40.5/40 55 <0.0474
2−10 (1) 38.1/40 45 <0.2280 <0.1423
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Table A.6. continued.
Name ObsID Energy χ2/d.o.f. Prob.(%) σ2NXS 〈σ2NXS〉
(1) (2) (3) (4) (5) (6) (7)
2−10 (2) 26.9/40 6 <0.2355
2−10 (3) 24.1/40 2 <0.2737
13814 0.5−10 (1) 54.5/40 94 <0.0440 <0.0208
0.5−10 (2) 36.9/40 39 <0.0400
0.5−10 (3) 31.6/40 17 <0.0403
0.5−10 (4) 60.1/40 98 <0.0422
0.5−2 (1) 44.5/40 71 <0.0525 0.0196+−0.0170
0.5−2 (2) 49.0/40 84 <0.0497
0.5−2 (3) 32.7/40 21 <0.0491
0.5−2 (4) 70.3/40 100 0.0310+−0.0222
2−10 (1) 23.9/40 2 <0.3524 <0.1471
2−10 (2) 22.7/40 1 <0.2235
2−10 (3) 28.4/40 8 <0.2553
2−10 (4) 24.8/40 3 <0.3271
13815 0.5−10 27.9/40 7 <0.0351
0.5−2 25.1/40 3 <0.0418
2−10 19.4/40 1 <0.2777
13816 0.5−10 40.1/40 53 <0.0391
0.5−2 40.5/40 55 <0.0463
2−10 28.9/40 10 <0.2729
MARK 273 809 0.5−10 71.8/40 100 <0.0155
0.5−2 49.1/40 85 <0.0287
2−10 60.2/40 98 <0.0337
Circinus 9140 0.5−10 48.0/40 82 <0.0019
0.5−2 32.6/40 21 <0.0075
2−10 45.5/40 74 <0.0025
NGC 7319 7924 0.5−10 (1) 30.3/40 13 <0.0135 <0.0093
0.5−10 (2) 23.9/40 2 <0.0127
0.5−2 (1) 48.7/40 84 <0.0644 <0.0451
0.5−2 (2) 69.6/40 99 <0.0632
2−10 (1) 37.2/40 40 <0.0170 <0.0116
2−10 (2) 29.5/40 11 <0.0158
0021140201 0.5−10 22.8/31 16 <0.0051
0.5−2 24.1/31 19 <0.0121
2−10 17.3/31 2 <0.0089
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Table A.7. Classification of Compton-thick objects.
Name ObsID Γ EW Fx/F[O III] Ref.1 CT? Classification Γhard
(keV) [O III]
(1) (2) (3) (4) (5) (6) (7) (8) (9)
MARK 348 0067540201 1.71 1.801.64 0.060.070.05 30.00 1 ✗ Compton-thin
0701180101 1.57 1.791.33 0.190.250.14 9.06 ✗
NGC 424 0002942301 1.031.900.14 0.991.240.74 1.84 2 ✓ Compton-thick 0.541.650.09
0550950101 0.16 0.370.00 0.870.930.82 1.81 ✓
3146 0.00 1.840.00 0.550.770.32 1.46 ✓
MARK 573 7745 0.18 2.710.00 2.172.811.52 0.49 3 ✓ Compton-thick 0.503.230.00
13124 0.88 2.080.66 2.052.551.49 0.41 ✓
NGC 788 0601740201 1.592.010.97 0.430.490.35 341.75 2 ✗ Compton-thin
11680 1.072.610.17 0.150.220.07 284.26 ✗
ESO 417-G06 0602560201 1.66 2.001.27 0.18 0.300.06 268.01 4 ✗ Compton-thin
0602560301 1.732.171.31 0.37 0.530.22 268.01 ✗
MARK 1066 0201770201 0.46 1.970.00 0.600.890.30 0.37 3 ✓ Compton-thick 0.310.760.00
3C98.0 0064600101 1.31 1.670.97 <0.07 10.0 5 ✗ Compton-thin
0064600301 1.412.130.22 <0.38 5.89 ✗
10234 0.671.300.09 0.160.270.06 5.01 ✗
MARK3 0111220201 0.05 0.190.00 0.550.580.52 0.33 1 ✓ Compton-thick 0.420.620.23
0009220601 0.36 0.870.00 0.670.790.56 0.24 ✓
0009220701 0.03 0.530.00 0.600.730.48 0.21 ✓
0009220901 0.02 1.050.00 0.490.700.27 0.15 ✓
0009220401 0.01 0.430.00 0.790.960.63 0.24 ✓
0009220501 0.03 0.480.00 0.630.740.52 0.20 ✓
0009221601 0.01 0.980.00 1.161.460.85 0.24 ✓
MARK 1210 4875 1.311.950.74 0.130.200.05 2.97 1 ✗ Compton-thin
9264 0.891.420.40 0.060.120.01 4.49 ✗
9265 1.412.060.82 0.120.190.05 6.34 ✗
9266 2.032.861.46 0.100.180.03 2.41 ✗
9268 1.242.070.51 0.160.250.061 3.57 ✗
NGC 3079 0110930201 1.58 2.470.07 <0.26 0.31 1 ✗ Compton-thin
IC 2560 0203890101 0.22 0.600.00 1.952.091.79 7.30 2 ✓ Compton-thick 0.691.040.30
4908 <0.77 1.271.491.04 4.94 ✓
NGC 3393 12290 0.55 3.350.00 1.852.291.45 0.22 1 ✓ Compton-thick 0.420.001.76
0140950601 0.95 1.690.14 1.411.781.00 0.18 ✓
NGC 4507 0006220201 1.731.861.59 0.200.220.19 33.08 1 ✗ Compton-thin
0653870201 1.441.721.13 0.440.470.39 16.58 ✗
0653870301 1.341.651.00 0.380.420.34 18.60 ✗
0653870401 0.911.140.44 0.460.500.42 16.20 ✗
0653870501 1.011.340.64 0.460.500.41 17.36 ✗
0653870601 0.912.160.00 0.430.590.28 10.22 ✗
12292 0.871.210.54 0.360.400.32 24.52 ✗
Notes. Column 1: name; Col. 2: obsID; Cols. 3 and 4: index of the power law and the equivalent width of the FeKα line from the spectral fit
(PL model) in the 3−10 keV energy band; Col. 5: ratio between the individual hard X-ray luminosity (from Table A.3) and the extinction-corrected
[O III] fluxes; Col. 6: references for the measure of F[O III]; Col. 7: classification from the individual observation; Col. 8: classification of the object;
and Col. 9: slope of the power law at hard energies for Compton-thick candidates from the simultaneous analysis (see Sect. 4.5).
References. (1) Bassani et al. (1999); (2) Gu et al. (2006); (3) Bian & Gu (2007); (4) Kraemer et al. (2011); (5) Noguchi et al. (2009); (6) Panessa
& Bassani (2002); and (7) Koski (1978).
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Table A.7. continued.
Name ObsID Γ EW Fx/F[O III] Ref.1 CT? Classification Γhard
(keV) [O III]
(1) (2) (3) (4) (5) (6) (7) (8) (9)
NGC 4698 0651360401 0.91 1.500.49 <0.46 9.23 6 ✗ Compton-thin
NGC 5194 13812 0.04 2.210.00 2.753.262.27 1.47 1 ✓ Compton-thick 0.571.740.00
13813 0.02 2.410.00 4.164.883.43 0.13 ✓
13814 0.12 3.250.00 4.415.143.73 0.17 ✓
0112840201 2.16 3.191.29 0.991.230.75 0.27 ✓
MARK 268 0554500701 1.80 3.431.11 <0.17 462.73 7 ✗ Compton-thin
0554501101 1.71 2.181.32 0.260.330.18 351.01 ✗
MARK 273 0101640401 0.01 0.950.00 0.871.120.65 2.75 1 ✓ Changing-look?
809 1.692.770.78 0.210.320.10 4.67 ✗
Circinus 365 0.00 0.280.00 2.382.652.11 0.39 1 ✓ Compton-thick 0.070.170.00
9140 0.120.330.00 1.901.971.83 0.31 ✓
10937 0.000.100.00 1.731.841.63 0.39 ✓
0111240101 1.07 1.131.01 1.541.561.51 0.35 ✓
0656580601 0.49 0.600.41 1.501.541.47 0.46 ✓
NGC5 643 0601420101 0.04 0.610.00 1.371.561.18 0.29 1 ✓ Compton-thick 0.841.480.09
0140950101 0.01 0.710.00 1.371.691.04 0.37 ✓
MARK 477 0651100301 0.931.530.36 0.320.430.22 0.32 1 ✓ Compton-thick 1.021.660.59
0651100401 0.88 1.480.30 0.130.210.05 0.45 ✓
IC 4518A 0401790901 1.712.161.29 0.330.420.25 – – ✗ Compton-thin
0406410101 1.27 1.600.94 0.450.530.38 ✗
ESO 138-G01 0405380201 0.92 1.330.52 0.901.010.78 23.10 2 ✓ Compton-thick 1.041.380.73
0690580101 0.97 1.640.58 1.311.481.10 19.67 ✓
NGC 6300 10292 0.57 0.950.23 <0.08 361.27 2 ✗ Compton-thin
10293 1.17 1.690.90 <0.08 444.46 ✗
0059770101 1.55 2.111.03 0.230.340.13 12.24 ✗
NGC 7172 0147920601 1.61 1.731.50 0.120.140.09 853.54 1 ✗ Compton-thin
0202860101 1.58 1.671.49 0.090.110.07 834.12 ✗
0414580101 1.71 1.761.66 0.080.090.07 1742.72 ✗
NGC 7212 0200430201 0.00 0.260.00 0.790.990.59 3.83 2 ✓ Compton-thick 0.382.190.00
4078 0.00 2.620.00 1.001.390.61 3.04 ✓
NGC 7319 789 1.432.670.84 0.230.340.12 38.69 1 ✗ Changing-look?
7924 1.89 2.391.52 0.230.290.18 82.73 ✗
0021140201 0.23 0.650.00 0.830.930.73 22.26 ✓
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Appendix B: Notes and comparisons with previous
results for individual objects
In this appendix we discuss the general characteristics of the
galaxies in our sample at diﬀerent wavelengths, as well as com-
parisons with previous variability studies. We recall that long-
term UV variability and short-term X-ray variations were studied
only for some sources (six and ten sources, see Tables 1 and A.6,
respectively), so comparisons are only made in those cases. For
the remaining objects, results from other authors are mentioned,
when available.
B.1. MARK 348
MARK 348, also called NGC 262, is an interacting galaxy (with
NGC 266, Pogge & Eskridge 1993). It was optically classified
as a Seyfert 2 (Koski 1978), while it shows broad lines in polar-
ized light (Miller & Goodrich 1990). It shows a spiral nuclear
structure (see HST image in Appendix C.1). VLBI observations
showed a compact radio core and jets structure at radio frequen-
cies and revealed variations on timescales from months to years
at 6 and 21 cm (Neﬀ & de Bruyn 1983). The XMM-Newton im-
age shows that the soft X-ray emission is very weak in this object
(see Appendix C.1), which was classified as a Compton-thin ob-
ject (e.g., Awaki et al. 2006).
This galaxy was observed twice with XMM-Newton in
2002 and 2013 and once with Chandra in 2010. Recently,
Marchese et al. (2014) have compared XMM-Newton and
Suzaku data from 2002 and 2008. They fitted the data with
a power law component transmitted through three absorbers
(one neutral and two ionized), obtaining intrinsic luminosities
of log(L(2−10 keV)) = 43.50 and 43.51, respectively. They re-
ported variations attributed to changes in the column density of
the neutral and one of the ionized absorbers, together with a vari-
ation in the ionization level of the same absorber, on timescales
of months. They did not report variations in Γ and/or the contin-
uum of the power law. Variations in the absorbing material on
timescales of weeks/months were also reported by Smith et al.
(2001) using RXTE data from 1996–97, but accompanied with
continuum variations on timescales of ∼1 day. They obtained
luminosities in the range log(L(2−10 keV)) = [42.90−43.53].
These results agreed with those later reported by Akylas et al.
(2002), who analyzed the same observations plus 25 RXTE ob-
servations. Our analysis shows that variations between the two
XMM-Newton observations are due to changes in the nuclear
continuum, but variations in the absorbing material are not re-
quired. These diﬀerences may be related to the diﬀerent instru-
ments involved in the analyses.
Awaki et al. (2006) did not find short-term variations from
the analysis of the XMM-Newton data from 2002.
In the 14−195 keV energy band, Soldi et al. (2014) esti-
mated a variability amplitude of 25[22–28]% using data from
the Swift/BAT 58-month survey.
B.2. NGC 424
NGC 424 was optically classified as a Seyfert 2 galaxy (Smith
1975), and broad lines have been detected in polarized light
(Moran et al. 2000). At radio frequencies, it was observed with
VLA at 6 and 20 cm, showing an extended structure (Ulvestad
& Wilson 1989). A possible mid-IR variability was reported by
Hönig et al. (2012) between 2007 and 2009, but it could also be
due to an “observational inaccuracy”. In X-rays, it is a Compton-
thick source (Balokovic´ et al. 2014).
It was observed twice with XMM-Newton in 2008 and 2011,
and once with Chandra in 2002. Matt et al. (2003) studied
XMM-Newton and Chandra data from 2001 and 2002. Both
spectra were fitted with a model consisting on two power laws,
a cold reflection component (PEXRAV), and narrow Gaussian
lines. They report the same luminosity for the two spectra,
log(L(2−10 keV)) = 41.68, indicating no variations. LaMassa
et al. (2011) studied the same data set. They found no diﬀerences
between the spectra and therefore fitted the data simultaneously
with a simpler model, the 2PL. They estimated an intrinsic lu-
minosity of log(L(2−10 keV)) = 41.56[41.39−41.75]. With the
same data set, we did not find variations and obtained similar
hard X-ray luminosities (41.85[41.79−41.92]).
We did not find short-term variations from the XMM-Newton
light curve from 2008.
B.3. MARK 573
MARK 573 (also called UCG 1214) is a double-barred galaxy
that shows dust lanes (Martini et al. 2001, see also
Appendix C.1). It was optically classified as a Seyfert 2 galaxy
(Osterbrock & Martel 1993). Observations at 6 cm with VLA
showed a triple radio source (Ulvestad & Wilson 1984). A point-
like source is observed in hard X-rays, while extended emis-
sion can be observed in soft X-rays, aligned with the bars (see
Appendix C.1). It was classified as a Compton-thick candidate
(Guainazzi et al. 2005b; Bianchi et al. 2010; Severgnini et al.
2012).
This galaxy was observed four times with Chandra between
2006 and 2010, and once with XMM-Newton in 2004. Bianchi
et al. (2010) analyzed the Chandra data from 2006 and did not
report flux variations when they compared their results with the
analysis of Guainazzi et al. (2005b) of the XMM-Newton spec-
trum from 2004. Paggi et al. (2012) studied the four Chandra
observations, and fitted the nuclear spectrum with a combination
of a two-phased photoionized plasma plus a Compton reflection
component (PEXRAV), reporting soft X-ray flux variations at
4σ of confidence level that they attributed to intrinsic variations
of the source. We did not detect variations for this source, the
diﬀerence most probably because we did not use two of these
observations since they are aﬀected by a pileup fraction greater
than 10%.
Ramos Almeida et al. (2008) analyzed the XMM-Newton
light curve and found variations of∼300 s. They argue that this is
an obscured narrow-line Seyfert 1 galaxy instead of a Seyfert 2,
based on near-IR data. We analyzed two Chandra light curves
but variations were not found.
B.4. NGC 788
This galaxy was optically classified as a Seyfert 2 by Huchra
et al. (1982). A radio counterpart was detected with VLA data
(Nagar et al. 1999). In X-rays, it was classified as a Compton-
thin candidate using ASCA data (de Rosa et al. 2012), and it
shows a point-like source in the 4.5−8 keV energy band (see
Appendix C.1).
It was observed once with Chandra in 2009 and once with
XMM-Newton in 2010. Long-term variability analyses of this
source were not found in the literature. We did not find varia-
tions between the observations.
Variations in this source in the 14–195 keV energy band were
studied by Soldi et al. (2014) using data from the Swift/BAT
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58-month survey. They report an amplitude of the intrinsic vari-
ability of 15[11−19]%.
B.5. ESO 417-G06
This galaxy was optically classified as a Seyfert 2 galaxy (Maia
et al. 2003). A radio counterpart was observed with VLA data
(Nagar et al. 1999). It was classified as a Compton-thin candidate
(Trippe et al. 2011).
This galaxy was observed twice with XMM-Newton in 2009.
Long-term variability studies were not found in the literature.
We found spectral variations due to changes in the absorber at
hard X-ray energies.
Trippe et al. (2011) report short-term variations of a factor
of about two in the count rate in the light curves from Swift/BAT
during the 22-month survey.
B.6. MARK 1066
MARK 1066 is an early-type spiral galaxy (Afanas’ev et al.
1981) showing a double nucleus (Gimeno et al. 2004). It was
optically classified as a Seyfert 2 by Goodrich & Osterbrock
(1983), and broad lines were not detected in polarized light (Gu
& Huang 2002). A radio counterpart showing a jet was found
by Ulvestad & Wilson (1989). At X-rays, extended soft emis-
sion can be observed, aligned with a nuclear spiral structure ob-
served at optical frequencies, also aligned with the IR emission
(see Appendix C.1). Levenson et al. (2001) found this to be a
heavily obscured AGN, with NH > 1024 cm−2 and an equivalent
width of the Fe line ∼3 keV using ROSAT and ASCA data; i.e.,
it was classified as a Compton-thick candidate.
The galaxy was observed once with Chandra in 2003 and
once with XMM-Newton in 2005. Variability studies of this ob-
ject were not found in the literature. We did not find any X-ray
variations either.
B.7. 3C 98.0
Using the optical line measurements in Costero & Osterbrock
(1977), 3C 98.0 can be optically classified as a Seyfert 2 (see
an optical spectrum in Appendix C.1). A nuclear core plus jet
structure was observed at radio frequencies with VLA (Leahy
et al. 1997).
It was observed twice with XMM-Newton in 2002 and
2003 and once with Chandra in 2008. Isobe et al. (2005)
studied the two XMM-Newton data, and fitted its spectra
with a thermal plus a power-law model, reporting X-ray lu-
minosities of log(L(2−10 keV)) = 42.90[42.88−42.93] and
42.66[42.60−42.71], respectively, indicating flux variability.
These measurements agree well with ours, where variations due
to the nuclear continuum were found.
Awaki et al. (2006) studied short-term variations of the
XMM-Newton observation from 2003 and calculated a normal-
ized excess variance of σ2NXS = 36[1−62] × 10−3. We did not
find short-term variations from one Chandra light curve, where
upper limits of the σ2NXS were calculated.
We did not find any long-term UV variations in the UVW1
filter.
B.8. MARK 3
It was optically classified as a Seyfert 2 galaxy (Khachikian
& Weedman 1974, see an optical spectrum in Appendix C.1).
Broad lines have been found in polarized light (Miller &
Goodrich 1990). A high resolution image at 2 cm with VLA data
shows a double nucleus at radio frequencies (Ulvestad & Wilson
1984). This galaxy shows extended soft X-ray emission perpen-
dicular to the IR emission and a point-like source at hard X-rays
(see Appendix C.1). It is also a Compton-thick source (Bassani
et al. 1999; Goulding et al. 2012), with a column density of
1.1 × 1024 cm−2 measured with BeppoSAX (Cappi et al. 1999).
It was observed 11 times with XMM-Newton between 2000
and 2012, and once with Chandra in 2012. Bianchi et al. (2005b)
report variations of the normalization of the absorbed power law
when comparing the XMM-Newton from 2001 with Chandra
and BeppoSAX data. Guainazzi et al. (2012) studied the X-ray
variability of this nucleus during 12 years of observations with
Chandra, XMM-Newton, Suzaku, and Swift satellites. Their anal-
ysis was performed in the 4−10 keV energy band. To estimate
the luminosities, they fit a pure reflection model plus Gaussian
lines to the spectra individually, and report a variability dynam-
ical range greater than 70%. They also used alternative mod-
els to fit the data, variations found independently of the model
used. They estimated the shortest variability timescale to be
∼64 days from the measurement between two statistically in-
consistent measures. From our analysis, variations due to the
nuclear continuum were found, with an upper limit of the vari-
ability timescale of about five months, thus in agreement with
the results presented by Guainazzi et al. (2012).
Short-term variations from XMM-Newton data were found
neither by González-Martín & Vaughan (2012) nor by Cappi
et al. (2006) from light curves from 2000 and 2001, respectively.
Soldi et al. (2014) reported an amplitude of the intrinic vari-
ability of 35[26−46]% in the 14−195 keV energy band using
data from the Swift/BAT 58-month survey.
B.9. MARK 1210
This galaxy, also called the Phoenix galaxy or UGC 4203, was
optically classified as a Seyfert 2 by Dessauges-Zavadsky et al.
(2000). Broad lines have been observed in polarized light using
spectropolarimetric data (Tran et al. 1992; Tran 1995). The HST
image shows a nuclear spiral structure (see Appendix C.1). A
very compact radio counterpart was found with VLA at 3.5 cm,
with no evidence of a jet structure (Falcke et al. 1998). At
X-rays, a point like source is observed in the 4.5−8.0 keV energy
band (see Appendix C.1). It was classified as a Compton-thick
candidate by Bassani et al. (1999). Furthermore, Guainazzi et al.
(2002) classified this galaxy as a changing-look AGN because
transitions from Compton-thick (ASCA data) to Compton-thin
(XMM-Newton data) were found.
MARK 1210 was observed with Chandra six times between
2004 and 2008, and once with XMM-Newton in 2001. Matt et al.
(2009) used Suzaku data from 2007 to study this source (caught
in the Compton-thin state), and compared with previous observa-
tions from ASCA and XMM-Newton. They fit the spectra with a
power law, a Compton reflection, and a thermal (MEKAL) com-
ponent, and found a change in the absorber, which was about a
factor of 2 higher in Suzaku data. They obtained intrinsic X-ray
luminosities of log(L(2−10 keV)) = 42.87 and 43.04 for Suzaku
and XMM-Newton data. Risaliti et al. (2010) simultaneously fit
the five Chandra observations from 2008 using a model consist-
ing on a doubled temperature plus power law to account for the
soft energies, an absorbed power law, and a constant cold reflec-
tion component (PEXRAV). They concluded that variations are
found in both the intrinsic flux and in the absorbing column den-
sity. They reported a variability time scale of ∼15 days, whereby
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they estimated the physical parameters of the absorbing material,
concluding that they are typical of the broad line region (BLR).
Their result agrees well with ours.
Awaki et al. (2006) studied short-term variations from the
XMM-Newton data and found σ2NXS = 5.5[0.0−11.0] × 10−3.
Soldi et al. (2014) used data from the Swift/BAT 58-
month survey to account for the variability amplitude (S v =
24[15−32]%) in the 14–195 keV energy band.
B.10. NGC 3079
This galaxy was optically classified as a Seyfert 2 (Ho et al.
1997, based on the spectra presented in Appendix C.1). Broad
lines were not detected in polarized light (Gu & Huang 2002).
The HST image shows dust lanes (Appendix C.1). A water
maser and parsec-scale jets were observed at radio frequen-
cies with VLBI (Trotter et al. 1998). The X-ray image in the
0.6−0.9 keV energy band shows strong diﬀuse emission, while
a point-like source is detected in the 4.5−8.0 keV energy band
(see Appendix C.1). It has been classified as a Compton-thick
object with BeppoSAX data (NH = 1025 cm−2, Comastri 2004)
and evidence was also found at lower energies (Cappi et al. 2006;
Akylas & Georgantopoulos 2009; Brightman & Nandra 2011a).
It was observed once with Chandra and once with
XMM-Newton, both in 2001. We did not find variability stud-
ies of this source in the literature. We did not study its variability
because the extranuclear emission in Chandra data was too high
to properly compare XMM-Newton and Chandra observations.
It is worth noting that NGC 3079 is classified as a Compton-
thin candidate in this work but it has been classified as a
Compton-thick candidate by Cappi et al. (2006) using the same
XMM-Newton observation. Since these data have the lowest
signal-to-noise ratio, this mismatch is most probably due to a
problem related to the sensitivity of the data, because we used
only data from the pn detector, while they combined pn, MOS1,
and MOS2 data in their study; i.e., Cappi et al. (2006) data have
a higher signal-to noise. We notice that cross-calibration uncer-
tainties between pn and MOS cameras may add systematic to
statistical uncertainties that can be misinterpreted as possible
intrinsic variability due to large error bars (Kirsch et al. 2004;
Ishida et al. 2011; Tsujimoto et al. 2011), thus preventing us
from doing a variability analysis.
B.11. IC 2560
This galaxy was optically classified as a Seyfert 2 (Fairall 1986,
see an optical spectrum in Appendix C.1). In hard X-rays it
shows a point-like source (see Appendix C.1). It was classified
as a Compton-thick object (Balokovic´ et al. 2014).
IC 2560 was observed once with XMM-Newton in 2003 and
once with Chandra in 2004. Variability studies were not found in
the literature. We do not report X-ray variations for this source,
either at short or long term.
B.12. NGC 3393
NGC 3393 was optically classified as a Seyfert 2 (Diaz et al.
1988, see an optical spectrum in Appendix C.1). A radio coun-
terpart was found using VLA data, the galaxy showing a double
structure (Morganti et al. 1999). The HST image shows a nu-
clear spiral structure aligned with the soft X-ray emission, where
the spiral structure can also be appreciated; this emission is per-
pendicular to the disk emission, observed at optical wavelengths
and aligned with the IR emission (see Appendix C.1). A point-
like source is observed at hard X-rays (see Appendix C.1).
It is a Compton–thick object observed by BeppoSAX (NH >
1025 cm−2, Comastri 2004).
This galaxy was observed once with XMM-Newton in 2003
and six times with Chandra between 2004 and 2012. Variability
studies were not found in the literature. We did not find X-ray
variations, whether on the short or the long term.
B.13. NGC 4507
The nucleus of this galaxy was optically classified as a Seyfert 2
(Corbett et al. 2002, see an optical spectrum in Appendix C.1).
Broad lines have been detected in polarized light (Moran
et al. 2000). A radio counterpart was observed with VLA data
(Morganti et al. 1999). In X-rays, it shows a point-like source in
the hard energy band (see Appendix C.1), and it is a Compton-
thin source (Bassani et al. 1999; Braito et al. 2013).
NGC 4507 was observed six times with XMM-Newton be-
tween 2001 and 2010, and once with Chandra in 2010. Matt
et al. (2004) studied Chandra and XMM-Newton data from
2001. They fit the XMM-Newton spectrum with a composite of
two power laws, a Compton reflection component (PEXRAV),
plus ten Gaussian lines, and the Chandra spectrum with a
power law plus a Gaussian line (only in the 4–8 keV spectral
range). They found that the luminosity of the Chandra data was
about twice that of XMM-Newton. Marinucci et al. (2013) stud-
ied five observations from XMM-Newton in 2010. They fit the
spectra with two photoionized phases using Cloudy, a thermal
component, an absorbed power law, and a reflection compo-
nent. They report variations of the absorber on timescales be-
tween 1.5−4 months. Braito et al. (2013) studied XMM-Newton,
Suzaku, and BeppoSAX data spanning around ten years to study
the X-ray variability of the nucleus. They fit the spectra with
the model that best represents the Suzaku data, composed of two
power laws, a PEXRAV component, and eight Gaussian lines,
and found that variations are mainly due to absorption but also
due to the intensity of the continuum level. They also fit the spec-
tra with the mytorus model11 and obtained similar results, al-
though the continuum varied less. We found variations in the
absorber and the normalization of the power law, in agreement
with the results by Braito et al. (2013).
We did not find short-term variations from the analysis of
one XMM-Newton and another Chandra light curve.
Soldi et al. (2014) report an amplitude of the intrinsic vari-
ability of 20[16−24]% in the 14−195 keV energy band using
data from the Swift/BAT 58-month survey.
B.14. NGC 4698
This galaxy was optically classified as a Seyfert 2 (Ho et al.
1997, see their spectra in Appendix C.1). González-Martín et al.
(2009b) classified it as a LINER, but Bianchi et al. (2012) re-
confirmed the Seyfert 2 classification using optical observa-
tions with the NOT/ALFOSC/Gr7. A radio counterpart was
found by Ho & Ulvestad (2001) at 6 cm with VLA data.
Georgantopoulos & Zezas (2003) state that this is an atypi-
cal Seyfert 2 galaxy because it showed no absoption and lacks
the broad line region. The Chandra image revealed point-like
sources around the nucleus, which can be ultraluminous X-ray
sources (ULX), the closest located at ∼30′′ from the nucleus. In
X-rays, González-Martín et al. (2009b) classified it as an AGN
11 www.mytorus.com
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candidate, and Bianchi et al. (2012), based on the log(LX/L[O III])
ratio, classified it as a Compton-thick candidate.
This galaxy was observed twice with XMM-Newton in 2001
and 2010, and once with Chandra in 2010. Bianchi et al. (2012)
compared the XMM-Newton spectra and did not find spectral
variations, in agreement with the results reported by us.
We did not find any UV variations in the UVM2 filter.
B.15. NGC 5194
NGC 5194, also known as M 51, is interacting with NGC 5195.
Optical and radio observations show extended emissions to the
north and south of the nucleus, resulting from outflows gener-
ated by the nuclear activity (Ford et al. 1985). The extended
emission can be observed in soft X-ray energies (top-left im-
age in Appendix C.1). Moreover, the HST image shows a dusty
nuclear spiral structure that can also be observed at IR fre-
quencies (see Appendix C.1). This galaxy was optically clas-
sified as a Seyfert 2 (Ho et al. 1997, see their optical spectra
in Appendix C.1). Broad lines were not detected in polarized
light (Gu & Huang 2002). A point-like source is detected at hard
X-ray energies (see Appendix C.1). Around the nucleus, it shows
at least seven ultraluminous X-ray sources (ULX), the nearest
one located at ∼28′′ from the nucleus (Dewangan et al. 2005). It
was classified as a Compton-thick source using BeppoSAX data,
with NH = 5.6 × 1024 cm−2 (Comastri 2004; see also Terashima
& Wilson 2001; Dewangan et al. 2005; Cappi et al. 2006]).
This galaxy was observed ten times with Chandra between
2000 and 2012 and six times with XMM-Newton between 2003
and 2011. LaMassa et al. (2011) studied three Chandra obser-
vations between 2000 and 2003. They simultaneously fit these
spectra with the ME2PL model, with spectral values in very
good agreement with our SMF0 fitting and estimated a lumi-
nosity of log(L(2−10 keV)) = 38.95[38.42,39.45]. They did not
report variability between the observations. This result agrees
with ours.
Fukazawa et al. (2001) did not find any short-term variability
from BeppoSAX data. We studied six Chandra light curves and
did not find short-term variations either.
UV variations were not detected from the UVW2 and UVM2
filters, but variations were found in the UVW1 filter. However,
since this is a Compton-thick source, variations are not expected,
so it is most probable that the UV emission does not come from
the nucleus. Therefore the variations might be related with, for
example, circumnuclear star formation.
B.16. MARK 268
This galaxy was optically classified as a Seyfert 2 by Komossa
& Schulz (1997). A radio counterpart was detected with VLA
data at 6 cm with a weaker component 1.1 kpc away from the
nucleus (Ulvestad & Wilson 1984). XMM-Newton data show a
compact source at hard X-rays (see Appendix C.1) .
It was observed twice with XMM-Newton in 2008.
Variability studies were not found in the literature. We did not
find variations, but we notice that observations were obtained
separated by only two days.
UV variations are not found from the UVM2 and the UVW1
filters.
B.17. MARK 273
Also called UGC 8696, this galaxy is an ultraluminous infrared
galaxy with a double nucleus that was optically classified as a
LINER (Veilleux et al. 1995), but later reclassified as a Seyfert
2 from better S/N data (Kim et al. 1998). Optical spectra are
presented in Appendix C.1, together with an HST image which
shows dust lanes. VLBA observations showed a radio counter-
part (e.g., Carilli & Taylor 2000). Extended emission to the south
is observed in soft X-rays, while it shows a point-like source at
hard energies (Appendix C.1). It was classified as a Compton-
thick candidate (Teng et al. 2009).
It was observed once with Chandra in 2000, and five times
with XMM-Newton between 2002 and 2013. Balestra et al.
(2005) fit the Chandra and XMM-Newton spectra with a compos-
ite of three thermal plus an absorbed PL components and found
similar spectral parameters, except in the value of the column
densities (41[35−47] and 69[50−85] ×1022 cm−2, respectively).
This result is compatible with ours, with NH2 being responsible
for the observed variations. In the same sense, Teng et al. (2009)
studied Suzaku data from 2006 and found spectral variations
when comparing with Chandra and XMM-Newton data. They
attributed the changes to the covering fraction of the absorber.
We found no short-term variations from the Chandra light
curve or UV variations from the UVW1 filter.
B.18. Circinus
It was optically classified as a Seyfert 2 galaxy (Oliva et al.
1994), and it shows broad lines in polarized light (Oliva et al.
1998). The HST image shows dust lanes (Appendix C.1). ATCA
observations show a radio counterpart, a water maser, and large
radio lobes (Elmouttie et al. 1998). Circinus is a Compton-thick
source (Bassani et al. 1999), which in fact was observed by
BeppoSAX (NH = 4.3 × 1024 cm−2, Matt et al. 1999).
This galaxy was observed eight times with Chandra be-
tween 2000 and 2010, and twice with XMM-Newton in 2001
and 2014. The most comprehensive analysis of this source has
recently been done by Arévalo et al. (2014), who analyzed
26 observations from NuSTAR, Chandra, XMM-Newton, Swift,
Suzaku, and BeppoSAX satellites spanning 15 years and the en-
ergy range 2–79 keV. They used diﬀerent models to fit the data,
based on PEXMON, MyTorus, and Torus models (in XSPEC).
Since diﬀerent appertures were used for the analysis, they de-
contaminated the extranuclear emission. They conclude that the
nucleus did not show variations, in agreement with our result
when comparing Chandra data. Moreover, Arévalo et al. (2014)
find that extranuclear sources included in the larger apertures
showed variations (an ultraluminous X-ray source and a super-
nova remnant), also in agreement with our results when com-
paring XMM-Newton data, where the extranuclear sources were
included, and we found variations in both the normalizations at
soft and hard energies.
We analysed one Chandra light curves, but variations were
not detected.
The analysis of light curves from the Swift/BAT 58-month
survey by Soldi et al. (2014) showed a small variability ampli-
tude of 11[10−12]% in the 14−195 keV energy band.
B.19. NGC 5643
This galaxy was optically classified as a Seyfert 2 (Phillips et al.
1983, see an optical spectrum in Appendix C.1), and broad lines
were not detected in polarized light (Gu & Huang 2002). The
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HST image shows a nuclear spiral structure (see Appendix C.1).
VLA data show a nuclear counterpart alongside fainter features
extending to the east and west at radio frequencies (Morris et al.
1985). The XMM-Newton image shows a compact source at hard
X-ray energies. This is a Compton-thick object observed with
BeppoSAX (NH > 1025 cm−2, Comastri 2004).
It was observed twice with XMM-Newton in 2003 and 2009,
and once with Chandra in 2004. Matt et al. (2013) analyzed the
two observations from XMM-Newton, who found that the spectra
are reproduced well by reflection from warm and cold matter.
The spectral parameters were consistent with the same values for
the two observations. Thus, variations are not observed. These
results agree well with ours, where variations are not found.
B.20. MARK 477
This object was classified as a Seyfert 2 (Veron et al. 1997), and
broad lines have been detected in polarized light (Tran et al.
1992; Tran 1995). The HST image reveals a structure around
the nucleus, which could be a spiral or a circumnuclear ring (see
Appendix C.1). A nuclear counterpart was found at 6 cm us-
ing VLA data (Ulvestad & Wilson 1984). It was classified as a
Compton-thick candidate (Bassani et al. 1999).
The source was observed twice with ASCA in December
1995; variations were not found when fitting a scattered power
law plus a narrow line (Levenson et al. 2001).
It was observed twice with XMM-Newton in 2010. We did
not find variations between these observations.
Kinney et al. (1991) studied UV variability of this source
with HST, but variations were not found. We did not find UV
flux variations from the UVW1 filter.
B.21. IC 4518A
This galaxy was optically classified as a Seyfert 2 galaxy (Zaw
et al. 2009). The 2MASS image shows two interacting galaxies
(see Appendix C.1). It is a Compton-thin source (Bassani et al.
1999; de Rosa et al. 2008).
It was observed twice with XMM-Newton in 2006.
Variability analyses were not found in the literature. However,
comparing the luminosities obtained by de Rosa et al. (2012)
and Pereira-Santaella et al. (2011) of log(L(2−10 keV)) = 42.60
and 42.34 for the diﬀerent spectra, their results are suggestive of
flux variability. In fact, these luminosities agreed with our esti-
mates. Our analysis shows that this variability is related with the
nuclear continuum.
B.22. ESO 138-G01
Alloin et al. (1992) optically classified this galaxy as a Seyfert 2.
It shows a jet-like morphology at radio frequencies (Morganti
et al. 1999). The XMM-Newton image shows a compact source
at hard X-ray energies (see Appendix C.1). It was classified as a
Compton-thick candidate (Collinge & Brandt 2000).
This galaxy was observed three times with XMM-Newton in
2007 and 2013. Variability analyses were not found in the liter-
ature. We did not find any X-ray variations.
B.23. NGC 6300
NGC 6300 is a barred spiral galaxy, whose Seyfert 2 classifica-
tion at optical frequencies was derived from the data reported
in Phillips et al. (1983). The HST image shows dust lanes
(see Appendix C.1). A nuclear counterpart was found at ra-
dio frequencies, without any jet structure (Ryder et al. 1996).
NGC 6300 was classified as a changing-look AGN, observed
in the Compton-thick state with RXTE in 1997 and in the
Compton-thin state with BeppoSAX in 1999 (Guainazzi 2002).
The galaxy was observed once with XMM-Newton in 2001
and five times with Chandra during 2009. Guainazzi (2002)
found variations due to a diﬀerence in the normalization of the
power law when comparing BeppoSAX and RXTE data. All the
observations analyzed in this work caught the object in the thin
state. Variations in the normalizations at soft and hard energies
were found when comparing Chandra and XMM-Newton data.
Matsumoto et al. (2004) and Awaki et al. (2005, 2006) stud-
ied the light curve from XMM-Newton data and found rapid vari-
ations at hard energies.
Variations in the 14−195 keV energy band were analyzed
by Soldi et al. (2014) using data from the Swift/BAT 58-month
survey, who estimated an intrinsic variability amplitude of
17[14−20]%.
B.24. NGC 7172
NGC 7172 is an early type galaxy located in the HCG 90
group, which shows dust lanes (Sharples et al. 1984, see also
Appendix C.1). Optically classified as a Seyfert 2 (see an op-
tical spectrum in Appendix C.1), no broad lines have been ob-
served in polarized light (Lumsden et al. 2001). A radio core
was detected with VLA data (Unger et al. 1987). At IR fre-
quencies, Sharples et al. (1984) found variations on timescales
of about three months. The nucleus of this galaxy is not de-
tected at UV frequencies with the OM (see Table A.1). Even
if Chandra data are available for this source, they suﬀer from
strong pileup. The XMM-Newton image shows a compact source
(see Appendix C.1).
Guainazzi et al. (1998) first reported X-ray flux variations in
this source using ASCA data. They found short-term variations
(hours) from the analysis of a light curve from 1996 and long-
term variations when comparing the flux of these data with pre-
vious data from 1995, when it was about three times brighter.
Risaliti (2002) studied two BeppoSAX observations taken in
October 1996 and November 1997 and fit the data with an ab-
sorbed power law, a thermal component, a cold reflection, a
warm reflection, and a narrow Gaussian line. They reported very
similar spectral parameters for the two spectra.
This galaxy was observed once with Chandra in 2000
and three times with XMM-Newton between 2002 and 2007.
LaMassa et al. (2011) analyzed the XMM-Newton spectra by
fitting the data with the ME2PL model and needed to fit the
normalization of the power law independently. They report lu-
minosities of log(L(2−10 keV)) = 42.96+−0.03 (for the spectrum
from 2007) and 42.61+−0.03 (for the other two spectra). These
results agree well with our SMF1.
Awaki et al. (2006) analyzed the XMM-Newton light curve
from 2002. They did not find significant variability when com-
puting the normalized excess variance.
At higher energies, Beckmann et al. (2007) reported an
intrinsic variability of S Vc = 12+−9% within 20 days using
Swift/BAT data, and using data from the Swift/BAT 58-month
survey, Soldi et al. (2014) report a variability amplitude of
28[25−31]%, both in the 14−195 keV energy band.
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B.25. NGC 7212
This galaxy is interacting with a companion (see the 2MASS
image in Appendix C.1). It was optically classified as a
Seyfert 2 galaxy (Veilleux & Osterbrock 1987, see an optical
spectrum in Appendix C.1). Broad lines were detected in po-
larized light (Tran et al. 1992). At radio wavelengths, a nu-
clear counterpart was found with the interacting galaxy (Falcke
et al. 1998). A point-like source is detected at hard X-rays (see
Appendix C.1). It was classified as a Compton-thick candidate
(Severgnini et al. 2012).
It was observed once with Chandra in 2003 and once with
XMM-Newton in 2004. Bianchi et al. (2006) report the same
fluxes for the two spectra, also in agreement with our results.
B.26. NGC 7319
NGC 7319 is a spiral galaxy located in the Stephan’s Quintet, a
group composed by six galaxies including a core of three galax-
ies (Trinchieri et al. 2003). These three galaxies were also ob-
served at radio wavelengths with VLA (Aoki et al. 1999) and
later with MERLIN (Xanthopoulos et al. 2004), revealing a jet
structure in NGC 7319. It has been optically confirmed as a
Seyfert 2 (Rodríguez-Baras et al. 2014, see an optical spectrum
in Appendix C.1). The nucleus of this galaxy is not detected at
UV frequencies with the OM (see Table A.1). In X-rays, a point-
like source is observed in the 4.5−8.0 keV energy band, and it
shows extended emission at soft X-ray energies (Appendix C.1).
It was observed twice with Chandra in 2000 and 2007, and
once with XMM-Newton in 2001. We did not find any variabil-
ity studies in the literature. We found variations in the nuclear
power of the nucleus, accompained by absorber variations at soft
energies.
One Chandra and the XMM-Newton light curves were ana-
lyzed, but short-term variations were not detected.
Appendix C: Images
C.1. Optical spectra, and X-ray, 2MASS and optical HST
images
In this appendix we present images at diﬀerent wavelengths
for each energy and the optical spectrum when available from
NED. In X-rays we extracted Chandra data in four energy bands:
0.6−0.9 keV (top left), 1.6−2.0 keV (top middle), 4.5−8.0 keV
(top right), and 0.5−10.0 keV (bottom left). The csmooth task
included in CIAO was used to adaptatively smooth the three
images in the top panels (i.e., the images in the 0.5−10.0 keV
energy band are not smoothed), using a fast Fourier transform
algorithm and a minimum and maximum significance level of
the signal-to-noise of 3 and 4, respectively. When data from
Chandra was not available, XMM-Newton images were ex-
tracted in the same energy bands, and the asmooth task was
used to adaptatively smooth the images. At infrared frequencies,
we retrieved an image from 2MASS in the Ks filter12. At opti-
cal frequencies we used images from HST13, preferably in the
F814W filter, but when it was not available we retrieved an im-
age in the F606W filter. HST data have been processed following
the sharp dividing method to show the internal structure of the
galaxies (Marquez & Moles 1996). The red squares in the bot-
tom images represent the area covered by the HST image (pre-
sented in the bottom right panel when available). In all images
the gray levels extend from twice the value of the background
dispersion to the maximum value at the center of each galaxy.
We used IRAF14 to estimate these values.
12 http://irsa.ipac.caltech.edu/applications/2MASS/IM/
interactive.html
13 http://hla.stsci.edu/
14 http://iraf.noao.edu/
A90, page 42 of 77
L. Hernández-García et al.: X-ray variability of Seyfert 2s
Fig. C.1. MARK 348 (XMM-Newton data). Top left: smoothed X-ray 0.6−0.9 keV energy band; top center: smoothed X-ray 1.6−2.0 keV energy
band; top right: smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band without smoothing; bottom center:
2MASS image in the Ks band; bottom right: Hubble image in the F606W filter.
Fig. C.2. NGC 424. Top left: smoothed X-ray 0.6−0.9 keV energy band; top center: smoothed X-ray 1.6−2.0 keV energy band; top right: smoothed
X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band without smoothing; bottom center: 2MASS image in the Ks band;
bottom right: Hubble image in the F606W filter.
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Fig. C.3. MARK 573. Top left: smoothed X-ray 0.6−0.9 keV energy band; top center: smoothed X-ray 1.6−2.0 keV energy band; top right:
smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band without smoothing; bottom center: 2MASS image in the
Ks band; bottom right: Hubble image in the F814W filter.
Fig. C.4. NGC 788. Top left: smoothed X-ray 0.6−0.9 keV energy band; top center: smoothed X-ray 1.6−2.0 keV energy band; top right: smoothed
X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band without smoothing; bottom center: 2MASS image in the Ks band;
bottom right: Hubble image in the F606W filter.
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Fig. C.5. ESO 417-G06 (XMM-Newton data). Top left: smoothed X-ray 0.6−0.9 keV energy band; top center: smoothed X-ray 1.6−2.0 keV energy
band; top right: smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band without smoothing; bottom center:
2MASS image in the Ks band.
Fig. C.6. MARK 1066. Top left: smoothed X-ray 0.6−0.9 keV energy band; top center: smoothed X-ray 1.6−2.0 keV energy band; top right:
smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band without smoothing; bottom center: 2MASS image in the
Ks band; bottom right: Hubble image in the F606W filter.
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Fig. C.7. Up: optical spectrum (from NED); bottom: images of 3C 98.0. Top left: smoothed X-ray 0.6−0.9 keV energy band; top center: smoothed
X-ray 1.6−2.0 keV energy band; top right: smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band without
smoothing; bottom center: 2MASS image in the Ks band; bottom right: Hubble image in the F606N filter.
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Fig. C.8. Up: optical spectrum (from NED); bottom: images of MARK 3. Top left: smoothed X-ray 0.6−0.9 keV energy band; top center: smoothed
X-ray 1.6−2.0 keV energy band; top right: smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band without
smoothing; bottom center: 2MASS image in the Ks band; bottom right: Hubble image in the F814W filter.
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Fig. C.9. MARK 1210. Top left: smoothed X-ray 0.6−0.9 keV energy band; top center: smoothed X-ray 1.6−2.0 keV energy band; top right:
smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band without smoothing; bottom center: 2MASS image in the
Ks band; bottom right: Hubble image in the F606W filter.
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Fig. C.10. Up: optical spectra (from NED); bottom: images of NGC 3079. Top left: smoothed X-ray 0.6−0.9 keV energy band; top center: smoothed
X-ray 1.6−2.0 keV energy band; top right: smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band without
smoothing; bottom center: 2MASS image in the Ks band; bottom right: Hubble image in the F814W filter.
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Fig. C.11. Up: optical spectrum (from NED); bottom: images of IC 2560. Top left: smoothed X-ray 0.6−0.9 keV energy band; top center: smoothed
X-ray 1.6−2.0 keV energy band; top right: smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band without
smoothing; bottom center: 2MASS image in the Ks band; bottom right: Hubble image in the F814W filter.
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Fig. C.12. Up: optical spectrum (from NED); bottom: images of NGC 3393. Top left: smoothed X-ray 0.6−0.9 keV energy band; top center:
smoothed X-ray 1.6−2.0 keV energy band; top right: smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band
without smoothing; bottom center: 2MASS image in the Ks band; bottom right: Hubble image in the F606W filter.
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Fig. C.13. Up: optical spectrum (from NED); bottom: images of NGC 4507. Top left: smoothed X-ray 0.6−0.9 keV energy band; top center:
smoothed X-ray 1.6−2.0 keV energy band; top right: smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band
without smoothing; bottom center: 2MASS image in the Ks band; bottom right: Hubble image in the F814W filter.
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Fig. C.14. Up: optical spectra (from NED); bottom: images of NGC 4698. Top left: smoothed X-ray 0.6−0.9 keV energy band; top center: smoothed
X-ray 1.6−2.0 keV energy band; top right: smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band without
smoothing; bottom center: 2MASS image in the Ks band; bottom right: Hubble image in the F814W filter.
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Fig. C.15. Up: optical spectra (from NED); bottom: images of NGC 5194. Top left: smoothed X-ray 0.6−0.9 keV energy band; top center: smoothed
X-ray 1.6−2.0 keV energy band; top right: smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band without
smoothing; bottom center: 2MASS image in the Ks band; bottom right: Hubble image in the F814W filter.
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Fig. C.16. MARK 268 (XMM-Newton data). Top left: smoothed X-ray 0.6−0.9 keV energy band; top center: smoothed X-ray 1.6−2.0 keV energy
band; top right: smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band without smoothing; bottom center:
2MASS image in the Ks band.
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Fig. C.17. Up: optical spectra (from NED); bottom: images of MARK 273. Top left: smoothed X-ray 0.6−0.9 keV energy band; top center:
smoothed X-ray 1.6−2.0 keV energy band; top right: smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band
without smoothing; bottom center: 2MASS image in the Ks band; bottom right: Hubble image in the F814W filter.
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Fig. C.18. Circinus. Top left: smoothed X-ray 0.6−0.9 keV energy band; top center: smoothed X-ray 1.6−2.0 keV energy band; top right: smoothed
X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band without smoothing; bottom center: 2MASS image in the Ks band;
bottom right: Hubble image in the F814W filter.
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Fig. C.19. Up: optical spectrum (from NED), and bottom: images of NGC 5643 (XMM-Newton data). Top left: smoothed X-ray 0.6−0.9 keV energy
band; top center: smoothed X-ray 1.6−2.0 keV energy band; top right: smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV
energy band without smoothing; bottom center: 2MASS image in the Ks band; bottom right: Hubble image in the F814W filter.
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Fig. C.20. MARK 477 (XMM-Newton data). Top left: smoothed X-ray 0.6−0.9 keV energy band; top center: smoothed X-ray 1.6−2.0 keV energy
band; top right: smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band without smoothing; bottom center:
2MASS image in the Ks band; bottom right: Hubble image in the F606W filter.
Fig. C.21. IC 4518A (XMM-Newton data).Top left: smoothed X-ray 0.6−0.9 keV energy band; top center: smoothed X-ray 1.6−2.0 keV energy
band; top right: smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band without smoothing; bottom center:
2MASS image in the Ks band.
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Fig. C.22. ESO 138-G01 (XMM-Newton data). Top left: smoothed X-ray 0.6−0.9 keV energy band; top center: smoothed X-ray 1.6−2.0 keV
energy band; top right: smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band without smoothing; bottom
center: 2MASS image in the Ks band; bottom right: Hubble image in the F606W filter.
Fig. C.23. NGC 6300. Top left: smoothed X-ray 0.6−0.9 keV energy band; top center: smoothed X-ray 1.6−2.0 keV energy band; top right:
smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band without smoothing; bottom center: 2MASS image in the
Ks band; bottom right: Hubble image in the F606W filter.
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Fig. C.24. Up: optical spectrum (from NED), and bottom: images of NGC 7172 (XMM-Newton data). Top left: smoothed X-ray 0.6−0.9 keV energy
band; top center: smoothed X-ray 1.6−2.0 keV energy band; top right: smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV
energy band without smoothing; bottom center: 2MASS image in the Ks band; bottom right: Hubble image in the F606W filter.
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Fig. C.25. Up: optical spectrum (from NED), and bottom: images of NGC 7212. Top left: smoothed X-ray 0.6−0.9 keV energy band; top center:
smoothed X-ray 1.6−2.0 keV energy band; top right: smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band
without smoothing; bottom center: 2MASS image in the Ks band; bottom right: Hubble image in the F606W filter.
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Fig. C.26. Up: optical spectrum (from NED), and bottom: images of NGC 7319. Top left: smoothed X-ray 0.6−0.9 keV energy band; top center:
smoothed X-ray 1.6−2.0 keV energy band; top right: smoothed X-ray 4.5−8.0 keV energy band; bottom left: X-ray 0.5−10.0 keV energy band
without smoothing; bottom center: 2MASS image in the Ks band; bottom right: Hubble image in the F814W filter.
C.2. Chandra and XMM-Newton images
In this appendix we present the images from Chandra (left) and XMM-Newton (right) that were used to compare the spectra from
these two instruments in the 0.5−10 keV band. In all cases, the gray scales extend from twice the value of the background dispersion
to the maximum value at the center of each galaxy.
A90, page 63 of 77
A&A 579, A90 (2015)
Fig. C.27. Chandra data left and XMM-Newton data right for the sources in the 0.5−10 keV band. Big circles represent XMM-Newton data
apertures. Small circles in the figures to the left represent the nuclear extraction aperture used with Chandra observations (see Table A.1).
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Fig. C.27. continued.
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Fig. C.27. continued.
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Fig. C.27. continued.
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Fig. C.27. continued.
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Appendix D: Light curves
This appendix provides the plots corresponding to the light curves. Three plots per observation are presented, corresponding to soft
(left), hard (middle), and total (right) energy bands. Each light curve has a minimum of 30 ks (i.e., 8 h) exposure time, while long
light curves are divided into segments of 40 ks (i.e., 11 h). Each segment is enumerated in the title of the light curve. Count rates
versus time continua are represented. The solid line represents the mean value, dashed lines the +−1σ from the average.
Fig. D.1. Light curves of NGC 424 from XMM-Newton data.
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Fig. D.2. Light curves of MARK 573 from Chandra data.
Fig. D.3. Light curves of 3C 98.0 from Chandra data.
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Fig. D.4. Light curves of IC 2560 from XMM-Newton and Chandra data.
Fig. D.5. Light curves of NGC 3393 from Chandra data.
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Fig. D.6. Light curves of NGC 4507 from XMM-Newton and Chandra data.
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Fig. D.7. Light curves of NGC 5194 from Chandra data.
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Fig. D.7. continued.
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Fig. D.7. continued.
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Fig. D.7. continued.
Fig. D.8. Light curves of MARK 273 from Chandra data.
Fig. D.9. Light curves of Circinus from Chandra data.
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Fig. D.10. Light curves of NGC 7319 from Chandra and XMM-Newton data.
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